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Faktory ovlivnujici
vznik a rozvoj nadoru




Uloha genti a prostiedi ve vyvoji nadorti

Testicular
8.6

Multiple myeloma
4.3

Fig. 1. The role of genes and environment in the development of cancer. A The percentage contribution of
genetic and environmental factors to cancer. The contribution of genetic factors and environmental factors
towards cancer risk is 5-10% and 90-95% respectively. B Family risk ratios for selected cancers. The
numbers represent familial risk ratios, defined as the risk to a given type of relative of an affected individual
divided by the population prevalence. The data shown here is taken from a study conducted in Utah to
determine the frequency of cancer in the first-degree relatives (parents + siblings + offspring). The familial
risk ratios were assessed as the ratio of the observed number of cancer cases among the first degree relatives
divided by the expected number derived from the control relatives, based on the years of birth (cohort) of
the case relatives. In essence, this provides an age-adjusted risk ratio to first-degree relatives of cases
compared with the general population. C Percentage contribution of each environmental factor. The
percentages represented here indicate the attributable-fraction of cancer deaths due to the specified
environmental risk factor.

Anand P et al., Pharmaceut Res 2008




Geny spojené s rizikem ruznych typu nadoru
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Typy nadoru spojované s konzumaci alkoholu
a kourenim

S

Alcohol

Smoking

Fig. 3. Cancers that have been linked to alcohol and smoking. Percentages represent the cancer mortality
attributable to alcohol and smoking in men and women as reported by Irigaray et al. (see 13).

Anand P et al., Pharmaceut Res 2008




Rlizné typy nadoru spojené s infekci

Hepatocellular carcinoma
(Hepatitis-B, Hepatitis-C)

Anogenital cancers
(HPV-6, HPV-16, HPV-18)

Kaposi sarcoma

(HPV-8)
Gastric cancers
(Helicobacter pylori)
Lymphoma : /
_— \
Adult T cell leukemia,
Lymphoma
Lymphoma (L)

(HIV-1)

Merkel cell carcinoma
Mucosa-associated (Merkel cell polyvirus)
Lymphoid tissue
lymphoma
(Helminthes: Schistosomes,
Clonorchis sinesis)

Fig. 6. Various cancers that have been linked to infection. The estimated total of infection attributable cancer in the
year 2002 is 17.8% of the global cancer burden. The infectious agents associated with each type of cancer is shown
in the bracket. HPV Human papilloma virus, HTLV human T-cell leukemia virus, HIV human immunodeficiency
virus, EBV Epstein-Barr virus (see 57).

Anand P et al., Pharmaceut Res 2008




Rlzné typy nadoru spojené
s environmentalnimi karcinogeny

Ewing’s sarcoma m cell tum

Fig. 7. Various cancers that have been linked to environmental carcinogens. The carcinogens linked to each cancer
is shown inside bracket. (see 64).

Anand P et al., Pharmaceut Res 2008




Rlzné typy nadoru spojené s obezitou
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Fig. 5. Various cancers that have been linked to obesity. In the USA overweight and obesity could account
for 14% of all deaths from cancer in men and 20% of those in women (see 51).

Anand P et al., Pharmaceut Res 2008




Vznik a rozvoj nadoru
genetické faktory + faktory vnéjsiho prostredi

??Podil vyzivy stale diskutovan??? Bioaktivni slozky potravy
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Cell differentiation

ovliviiuji genetické a epigenetické déje
spojené se vznikem rdznych patologickych procest

Anand P. et al., Pharmaceutical Research 2008 Trujillo E., J Amer Diet Assoc., 106, 2006




Ovoce, zelenina, koreni a cerealie
pusobici protinadorové

Cereals

Vegetables

Fig. 8. Fruits, vegetables, spices, condiments and cereals with potential to prevent cancer. Fruits inchude / apple, 2 apricot, 3 banana, 4 blackberry, 5
cherry, 6 citrus fruits, 7 dessert date, 8 durian, 9 grapes, /0 guava, /1 Indian gooseberry, /2 mango, /3 malay apple, /4 mangosteen, /5 pineapple,
16 pomegranate. Vegetables include / artichok, 2 avocado, 3 brussels sprout, 4 broccoli, 5 cabbage, ¢ caulifiower, 7 carrot, 8 daikon 9 kohlrabi, /0
onion, /7 tomato, /2 turnip, 13 ulluco, /4 water cress, 15 okra, 16 potato, 17 fiddle head, /8 radicchio, /9 komatsuna, 20 salt bush, 27 winter squash,
22 zucchini, 23 lettuce, 24 spinach. Spices and condiments include / turmeric, 2 cardamom, 3 coriander, 4 black pepper, 5 clove, 6 fennel, 7
rosemary, § sesame seed, 9 mustard, 10 licorice, 11 garlic, 12 ginger, 13 parsley, /4 cinnamon, 15 curry leaves, /6 kalonji, /7 fenugreek, /8 camphor,
19 pecan, 20 star anise, 2/ flax seed, 22 black musiard, 23 pistachio, 24 walnut, 25 peanut, 26 cashew nut. Cereals include 7 rice, 2 wheat, 3 oats, 4
1ye, 5 barley, 6 maize, 7 jowar, 8 pearl millet, 9 proso millet, /0 foxtail millet, 7/ little millet, /2 barnyard millet, 13 kidney bean, /4 soybean, 15
mung bean, /6 black bean, 7 pigeon pea, I8 green pea, 19 scarlet runner bean, 20 black beluga, 21 brown spanish pardina, 22 green, 23 green
(eston), 24 ivory white, 25 multicolored blend, 26 petite crimson, 27 petite golden, 28 red chief.




Faktory zivotniho prostredi
a zivotniho stylu




Faktory ovlivhujici preménu zdravé bunky
v hadorovou v prtibéhu let
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Koureni a nadory plic
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Data for smoking prevalence come from WHO Global Infobase™ and for
lung cancer incidence from the WHO database on the IARC website.?! Both
countries used surveys that included rural and urban data. USA smoking
data from 1980-1990 are for age 35+, for 2001 and 2003 are for aged 20+,
and for 2005 are for age 18+. UK smoking data are for ages 16+.



Potraviny, vyziva a fyzicka aktivita
v prevenci nadoru

Summary of ‘convincing’ and ‘probable’ judgements

Foods containing dietary fibre
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This matrix, from page 370 of the 2007 WCRF/AICR Diet and Cancer Report, displays the Panel’s most confident judgements on the
strength of the evidence causally relating food, nutrition, and physical activity with the risk of cancer. It is a synthesis of all the matrices
introducing the text of Chapters 4, 5, 6, 7, and 8 of the 2007 WCRF/AICR Diet and Cancer Report, but shows only judgements of
‘convincing’ and ‘probable’, on which its recommendations are based. It does not show a detailed breakdown of the individual foods,
drinks, and their constituents.

In this matrix, the columns correspond to the cancer sites that are the subject of Chapter 7 of the 2007 WCRF/AICR Diet and Cancer
Report and body fatness that is the subject of Chapter 8. The rows correspond to factors that the Panel judges to be ‘convincing’ or
"probable’, either as protective against or causative of cancer of the sites specified. Such judgements usually justify public health goals and
personal recommendations. The strength of the evidence is shown by the height of the blocks in this matrix — see the key.



Rady pro snizeni rizika vzniku nadorti

« Nekurte

» Pravidelné cvicte

 Nebud'te sexualné promiskuitni

» Vyvarujte se dlouhému pobytu na
primém slunci

* Vlyvarujte se rizika hepatitidy B a C



Realné cile pro snizeni mortality na nadorova onemocneéni

Realistic Goals for Reducing Cancer Mortality

ESTIMATED NUMBER OF DEATHS IN THE U.S. (THOUSANDS PER YEAR)
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cancer mortality

B Realistic population goals
for reduced cancer mortality

— 100,000 to 125,000 current deaths

MARIA SUTTON

Snizeni umrtnosti zahrnuje
zejména zméenu zivotniho
stylu:

- omezeni koureni a podporu
zdravé vyzivy a fyzické aktivity



Zvyseni a shizeni rizika onemocneni

« zvySeny prisun kalorii
(snizeny) vydej

« vysoky obsah tukd

 nerovnovaha v lipidovém
metabolismu

Negenetické priciny vzniku
kardiovaskularnich a
nadorovych onemocnéni

Strategie minimalizace
rizika vzniku
onemocneéni

*Fyzicka aktivita
relaxace, ,mir na dusi
*snizeni stresu

-zadné koureni
Spravna vyziva




Vyziva — slozeni potravy

hraje roli v karcinogenezi radou riznych mechanizm.

Je prokazano, ze vysoky prijem kalorii a tvorba tukovych zasob je
rizikovym faktorem.

Prijem, absorpce a metabolismus velkého mnozstvi potravy
vyzaduje oxidativni metabolismus a produkuje vice reaktivnich
kyslikovych radikald, které poskozuji DNA.

Ukazalo se, Ze pfijem tukl mdze zvySovat riziko nadord.
Epidemiologické studie predpokladaji pozitivni korelaci mezi
pfijmem tukd a nadory prsu, kolonu a prostaty.

Navzdory dlouhé historie studii tukd a nadord, z{stava rada
protikladd.

Ukazuje se, Ze nejen kvantita, ale i kvalita hraje ddleZitou roli a ze
se zde uplatnuiji i tuky rostlinné, zejména esencialni vysoce
nenasycené mastné kyseliny (PUFAs) typu n-3, n-6, olivovy olej
atd.



Relativni procento riiznych mastnych kyselin v potravé a zmény v
priibéhu vyvoje lidské populace od lovci sbéractl, zemédélskou
spolecnost a spolecnost po priimyslové revoluci
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Fig. 1. Hypothetical scheme of fat, fatty acid (w6, w3, frans and total) intake (as percentage of calories from fat) and intake of vitamins E and C {mg/d).
[Data were extrapolated from cross-sectional analyses of contemporary hunter-gatherer populations and from longitudinal observations and their putative
changes during the preceding 100 years [73].

Simopoulos AP, Exp Biol Med 2008



Interakce zivin a genomu
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»,OMICS*

Genomics + proteomics = cytomics ]

Metabolomics

Transcriptomics

Nutrigenomics

Pharmacogenomics

Lipidomics

védecké sméry od mapovani
vnitfniho spektra lipidl

v biologickych systémech k popisu
funkce a metabolismu jednotlivych
lipid.



Nerovnovaha mezi priimem a vydejem energie
ve vztahu k obezité a chronickym onemocnéenim

Gene-Nutrient

Imbalance Eoerpy

expenditure

\
( Phytochemicals)
Physical activity
Whole grains
Fruits
Vegetables

( Carcinogen ) Soy protein

High fat/calories .
High n-6 fats Genetic Susceptibility
Growth factors ( Po|ymorphi5m5 )

v

Genetické polymorfismy posouvaji rovnovahu mezi prijmem a vydejem energie. Vyssi
prijem energie, nizky pomér nenasycené/nasycené tuky, inzulinova resistence, a sedavy
zivotni styl jsou rizikovymi faktory vedoucimi k obezité a chronickym onemocnénim
(srdecni choroby, diabetes a nadory). To je vyvaZzovano fyzickou aktivitou a dietou
bohatou na cela zrna, ovoce, zeleninu, soju atd., ktera snizuje riziko téchto chorob.

Trujillo E., 3 Amer Diet Assoc., 106, 2006



Lipidové slozky vyzivy — vysoce nenasycené mastné kyseliny (VNMK)

Imbalance v lipidovém metabolismu hraje roli u mnoha zavaznych
onemocnéni

»Vysoka hladina cholesterolu je spojena s kardiovaskularnimi
chorobami, které jsou nejCastéjSi pfi€inou umrti v populaci.
»Lipidy produkované bunkami imunitniho systému jsou zahrnuty

v zanéetlivych onemocnénich jako je revmatoidni artritida, sepse,
astma, zanétlivé onemocnéni streva.

»Zmeény lipidd hraji ulohu také v neurodegenerativnich a psychickych
onemocnenich (Alzheimerova choroba, deprese, hyperaktivita,
schizofrenie apod.)

»Lipidy a jejich metabolismus se uplatiuji téz pfi vzniku a rozvoji
nadorovych onemocnénich.

Zdravi - vyziva — lipidy



Lipidy

Vice, nezli jen zdroj energie!!l!

estrukturalni a regulacni uloha
dopad na fyziologické funkce organizmu
*UCinky na imunitni systém

regulace proliferace, diferenciace a apoptozy

uloha v karcinogenezi

(etiologie nador{ tlustého streva, prostaty, prsu)



Rlzna biologicka uloha lipidt

TUKY (lipidy) NEJSOU POUZE ZDROJ ENERGIE !!!
Strukturalni a regulacni aloha s vyznamnym dopadem na
_ fyziologické funkce organismu

Uloha v patofyziologii - nadory

rovnovaha
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Oresi¢ M. et al. Trends in Biotechnology 2008



Zdroje tuku

Zivocisné a rostlinné

Mastné kyseliny
S kratkym retezcem — 6-12 C (SCFA)
* kys. maselna
« kys. propionova
nasycene — 12 a vice C
« kys. palmitova
« kys. stearova
mononenasycené — 16 a 18 C, 1 dvojna vazba
« kys. palmitoolejova
- kys. olejova
polynenasycené (PUFA) — 18 a vice C, 2 a vice
avojnych vazeb
« kys linoleova
« kys. alfa-linolenova — esencialni MK




Vysoce nenasycené mastné kyseliny - VNMK

(Polyunsaturated fatty acids - PUFAS) - mastnée kyseliny s 18 a
vice uhliky a 2 i vice dvojnymi vazbami.

Tri hlavni skupiny:

ke koncovému metylovanému uhliku.

Tyto jsou metabolizovany stejnym zplsobem alternativnimi
desaturacnimi a elongacnimi enzymy.

Nomenklatura:
Napr. kyselina arachidonova - 20:4, n-6
20 - pocet uhlikl
4 - pocet konjugovanych dvojnych vazeb
-6 - poloha prvni dvojné vazby od metylovaného konce
molekuly
Témér vSechny dvojné vazby jsou ve vicemene stabilni
cis - konfiguraci.



Struktura vychozich esencialnich mastnych kyselin
Kys. linoleova (n-6) a alfa-linolenova (n-3)

n-6 or C-13

nch *

C-2ora C-1

Linoleic Acid (18 carbons : 2 double bonds, n-6)

n- lor C-16

C-12

hé{-:(/:{/\/\/\/(k

r-Linolenic Acid (18:3, n-3)



Esencialni vicenenasycené mastné kyseliny (VNMK)

18 a vice uhliku
2 a vice dvojnych vazeb

Savci je nedovedou syntetizovat
Pfijem v potravé

Rada n-6 a n-3

TAANALANMA
i

rostl.oleje

18:3n-3 -

o-linolenic acid

00!

A6 desaturase

Elongase 1
CI; COOH
e 20:3n-6 20:4n-3
Dihomo-y-linolenic acid (DGLA)
A5 desaturase 1

22:5n-3 . .
Elongase, { rybi oleje

¢ A6 desaturase and ¢ pla n ktonl ra SY)
l peroxisomal [-oxidatio

0
————— 22:5n-6

Docosapentaenoic acid (DPA) Docosahexaenoic acid (DHA)



Dulezity je pomér n-3: n-6 VNMK!!!

Kys. linolova (18:2, w-6)

kyselina arachidonova (AA, 20:4), rostlinné oleje

zdroj eikosanoid( (prostaglandiny, leukotrieny) vyznam u
riznych nadord.

V experimentalnich systémech ¢asto podplrny ucinek pro vznik
a rozvoj nadord

Kys. alfa-linolenova (18:3, ®-3)

kys. eikosapentaenova (20:5) a dokosahexaenova (22:6)
z rybich a nékterych rostl. olej (pupalka, len, rakytnik)
V experimentalnich systémech casto inhibicni ucinek

pro vznik a rozvoj nadord




Zivocichové nedovedou syntetizovat n-3 a n-6 PUFAs de novo ani
nedovedou premeénit jednu sérii v druhou.

Tyto esencialni mastné kyseliny musi byt obsazeny v potrave
podobné jako vitaminy. Jsou zivotné dllezité jako slozka vSech
membran a permeabilni bariéry pokozky a jako prekursory
eikosanoidd a s nimi souvisejicich latek, které hraji dllezitou
regulacni Ulohu ve tkanich.

Zdrojem jsou rostlinne oleje (n-6 PUFA) a rybi olej (n-3 PUFA)

Tuky z potravy ovliviiuji pocCatek a rozvoj rady onemocnéni vCetné
nadorovych. Existuji v zasadné dvé Urovné ovlivnéni:

 zmeény slozeni mastnych kyselin (MK) v bunécnych membranach
» pfima kontrola proces( v jadre na Urovni transkripce gend

n-3 a n-6 PUFA jsou metabolicky i funkcne odlisné. Jejich
rovnovaha je dllezitd pro homeostazu a normalni vyvoj. Efekty
jsou pleiotropni.



Zatimco proteiny jsou geneticky determinovany, slozeni bunécné
membrany s ohledem na lipidy (a tim i rada bunécnych funkci jako
je aktivita membranovych enzymU a prenasect, vazba hormond,
mechanismy signaloveé transdukce) je z velké casti zavislé na
prijmu

Z potravy.

n-3 a n-6 PUFA mohou ucinné a primo fidit transkripci specifickych
gend (napt. geny kodujici lipogenni proteiny, delta desaturazy
atd.).

Tak mUze pfiznivy a nepfiznivy Ucinek tukd na rlizné choroby
zahrnovat kombinaci interaktivnich regulacnich mechanisma:
«akutni, rychla a prfima regulace exprese gend

dlouhodobd adaptivni modulace sloZzeni membran, ktera mdze
pfimo ovlivnit prijem a prenos signalt hormond, cytokind,
produkci eikosanoid apod.

Béhem priimyslové revoluce se drasticky pomér n-6:n-3 PUFA.
V tzv. zapadni dieté je dnes misto 1:1 az 10-25:1.



Interakce s cytokiny a hormony

Lipidové slozky funfuji spolu s cytokiny a hormony jako
intra- i intercelularni mediatory a modulatory bunécné
signalizacni sité

Pomeér obsahu n-6 a n-3 esencialnich vysoce nenasycenych
mastnych kyselin (VNMK) ovliviiuje vlastnosti membran,
zejmeéna jejich fluiditu a produkci latek vznikajicich hydrolyzou
membranovych fosfolipidd.

Tyto zmény pak ovliviuji vazbu cytokin(, aktivitu receptort i
funkci na membranu vazanych signalnich molekul (G proteind,
fosfolipaz atd.).



Nadory tlusteho streva




Uéinky slozek diety — podpora nebo prevence nadori kolonu

Red meat

Beneficial foods

o DD
GG "

N-nitroso
compounds

Heterocyclic amines

HO. 0.
OH O oH

Genistein

n-3 polyunsaturated fatty acids

o
A~

Butyrate

Cancer-promoting mechanisms

- Interacts with DNA to induce
oncogenic mutations in driver
genes of colon cancer

- Promotes colonic injury, resulting in
hyperproliferation and hyperplasia

- Alters the colonic microbial
composition, leading to malignant
transformation of colonic epithelial
cells

Cancer-p ing mec

= Suppresses colonic inflammation
to prevent colonic injury, resulting
in decreased cell proliferation and
increased cell death (apoptosis)

« Inhibits tumor cell migration and
metastasis

- Alters the colonic microbial
composition, leading to protection
against malignant transformation
of colonic epithelial cells

« Prevents angiogenesis of new
blood vessels for tumor
development

Interakce s DNA —
mutace-nadory stfeva

Podpora poskozeni
stfeva — hyperproliferace

Zmeény slozeni strevni

mikroflory podporujici
transformaci

Suprese zanétu

Inhibice nadorové migrace
a metastaz

Prospésné zmeény
mikrobiomu

Suprese angiogeneze

Effects of diet on promoting and preventing colorectal cancer. Compounds found in the diet have been linked to the development of
colorectal cancer through the induction of DNA adducts, leading to mutations in oncogenic genes and promoting hyperproliferation
and hyperplasia. Compounds found in many fruits, vegetables, and fish can counteract cancer-promoting compounds in a pleiotropic
manner and therefore should be incorporated in a healthy human diet. Abbreviation: EGCG, epigallocatechin gallate.

Hou TY et al, Annu Rev Nutr 2016



Potencialni faktory spojené s obezitou, zanétem a nadory kolonu

Normal weight

Obesity
Dysfuntionnal adipose tissue

Adipokine

.

Chronic inflammation l Metabolic syndrome
Insulin resistance

primary
Bile acids

Insulin® Leptin &
IGF-1 & Adiponectind Vv

SeFond_aw Glucose? Resistin &
Bile acids FFA D l

| Invasion & metastasis

—

Normal Hyperproliferative
epithelium epithelium
Aberrant crypt foci

Small Large Colon
adenoma adenoma carcinoma

o

Cox-2

Fig. 3. Mechanistic summary of potential factors linked to obesity, inflammation and colorectal cancer. Blue arrows indicate the metabolic consequences of obesity. Black
arrows represent suspected consequences of dysbiotic microbiota. Purple arrows represent cellular events induced by obesity-related metabolic changes. Red arrows localize
these cellular events within the carcinogenic process. Green arrows represent the proposed stage of the normal epithelium-to-carcinoma sequence when the different
biological factors may start to act. Orange lines indicate some suggested potentially beneficial effects of bariatric surgery. FFA, free fatty acid; IGF-1, insulin-like growth factor
1; IL, interleukin; MIF, macrophage migration inhibitory factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor. APC, Adenomatous polyposis coli; MSI,
microsatellite instability, K-ras, Kirsten-rat sarcoma, Cox-2, cyclooxygenase-2; DCC (deleted in colorectal carcinomas), DPC4 (deleted in pancreatic carcinomas, locus 4).
Reproduced from Obesity and colorectal cancer, Bardou et al., Gut 2013;62:933-947. (For interpretation of the references to colour in this figure legend, the reader is referred

10 the web version of this article.) Hagland HR and Soreide K, Cancer Letters 2015




Faktory ovlivnujici zdravi strevnich bunéek

STREVO
Kardiovaskularni
onemocnéni Plasma INTESTI ?E
Diabetes e S1ue 1 250 m
* TMA/O Production | P —— ‘
e L-Carnitine (Diet) Bllie Ll:el" Jatra
. Chql. Trarysport — I epithelial § o
(i, B2 epithelial s VYLUCOVANT
mucosa 4 4 Y.
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STRAVA  FOOD——  microbiota | microbiotal EXCRETION
SMALL AN
LARGE
Diet, Obesity Drugs Inflammation
* Altered Diversity » Altered Diversity * TLR, NLR, CLR, ILC, Treg
* Specific Gene Expression « Specific Enzymes Modulation
e.g., CHO utlization PR Immune Activation r— NKT, TH Cell Engagement
* Pathogen Exclusion * Targeted Modulation * PKS, H,S Production
(Liver, Bile) (Liver, Bile)
VYZIVA . - .
OBEZITA LECIVA ZANET (chronicky)

Crohnova choroba
Ulcerativni kolitida

M. R. Redinbo J Mol Biol 2014




Rlzné cesty dodani dietetickych bioaktivnich slozek ke kolonocytum

a Blood pathway

~[0,

Q o
/ Dietary fish oil
Colonocyte

Colonocyte membrane

o
Q
Other cells

(T-cells)

small
intestine

R

T-cell membrane

DHA (22:6, n-3)

b Intestinal pathway

small /4
Intestine
\\ -

— OH OH
ojg\/\"/\"/\/():o
| 0 0 |

Curcumin

Colonocyte membrane

.h;. = Curcumin
€ Microbial pathway H

small /7
Intestine'@

) _ Butyrate
\—

Colonocyte
v \

)O~ s070

Colon

Colonocyte membrane

Multiple pathways
for the delivery of
dictary bioactives to
colonocytes.

(2) Blood pathway.
Polyunsaturated fatty
acids are delivered to
colonocytes and
other cell types, such
as I cells, through
the bloodstream
after digestion and
absorption from the
small intestine into
the portal vein. In
the colonocyte, the
fatty acids are
incorporated into
phospholipids in the
plasma membrane.
Abbreviation: DHA,
docosahexaenoic
acid. (b) Intestinal
pathway. Curcumin
is poorly bioavailable
and hence is
transported, intact,
to the colon, where it
can intercalate
between
phospholipids in the
plasma membrane of
colonocytes.

(¢) Microbial
pathway. Pectin is
not digestible by
human enzymes and
therefore transits to
the colon, where gut
microbes ferment it
to produce butyrate,
which is rapidly
taken up by
colonocytes.

VNMK se dostavaji ke kolonocytim a
dal$im typa bunék krevnim fecistém po
digesci a absorpci v tenkém stfevé. V
kolonu jsou inkorporovany do PL
plasmatické membrany.

Kurkumin je obtiZzné biodostupny a je
importovan do kolonu intaktni — vmezefuje
se mezi PL v membrané

Pektin neni stravitelny lidskymi enzymy, je
transportovan do kolonu, kde je bakteriemi
fermentovan na SCFA, zejména butyrat,
ktery je rychle spotfebovavan kolonocyty.

Hou TY et al, Annu Rev Nutr 2016



VLIV SLOZEK VYZIVY NA FUNKCE TUKOVE TKANE

Adiponectin lAdiPWe"““ Obezita vede k hypertrofii tukovych

Leptin v ’v s .
' Laan Ubpee bunek a zvysené produkci
ﬁ E——)

© : &, Leptin  prozanétlivych faktord (adipokind),
o © 5 Resistin — gvliviiuje imunitni bufiky
© A o ® ' Tmcm

) é TNF-a
Polyphenols i :?:;“ Och ’f kt
R . A chranné faktory ,
MUFR Polyfenoly, n-3 nenasycene MK (PUFA),

mononenasycené MK (MUFA) a
konjugovana kys. linoleova (CLA) zvysuj
lipolyzu, oxidaci MK a zabranuji
lipogenezi

Adipocyte

‘ M1 macrophage

6 M2 macrophage
<— Stimulation

| -- Inhibition

Siriwardhana N. et al., J Nutr Biochem 2013



Rozvoj nadoru kolonu
Multifaktorialni a komplexni etiologie - Genetické zmény, zivotni styl, vyziva

Normal

Hyperproliferative
epithelium

epithelium

Intermediate
adenoma

J R
] p =

Ve vSech stadiich rozvoje
karcinomu se mohou uplatnovat
bioaktivni sloZky potravy

ve smyslu stimulace Ci zastavy
progrese jednotlivych stadii

ctivation of KRAS
oncogene
(12p)

Bioactive Food Components

Loss or mutation of
TS gene on 18q
(SMAD4?)

Loss or mutation of
TP53 TS gene

Vyvoj nadoru provazeji zmény e |
biochernicikych a metabolickych R »
drah odrazejici se ve zménach ab | e o8
] 5 ] L ¥ e R e

proliferace, diferenciace a - | I | \ j

J4 v A — . — - , w— — &
apoptozy bunek. Morma Abarrant Crypt " | 1 -

‘-‘I.IEIIH"I am ‘ { o 1“" = 1 smal adenoma l Large adenoma { Colon carcinoma l
Chemopreventivni latky 1 1
COX-2 HWMG-CoA R Caveolin-1, AKT

OVEreXpression

Vyuzivany na zakladé znalosti
mechanism(

Overexprassion Overa xpression

Tammarielo AE and Milner JA J Nutr Biochem 21:77, 2010



VLAKNINA — MK s kratkym fetézcem

Psyllium Butyrat sodny

k . Y 3 e

0 (I S
MASTNE KYSELINY S KRATKYM RETEZCEM e )K/\
Anaerobni mikrobialni fermentace VLAKNINY S
Fyziologicky vyznam pro zdravou strevni tkan

Specifické plisobeni na :> Nadorove bunky kolonu

e snizena proliferace
e indukce diferenciace

‘Normélni kolonocyty * indukce apoptozy
® zmény genove
e zdroj energie exprese
— zvySena proliferace inhibitor

— pokles apoptozy histondeacetylaz

@ ALKALINE PHOSPHATASE
- E-CADHERIN PROTEIN
/// F-ACTIN (Stress fl

Prevence a terapie
NADORD TLUSTEHO
STREVA ?2?

Growth |8:1 hibition

arrest in G1-phase of the cell >
TIME OF BUTYRATE TREATMENT

Proliferated
cell




Predpokladané mechanismy ucinku butyratu

» inhibice histondeacetylaz - acetylace histont —
ovlivnéni exprese genl (regulace bunécného cyklu,
diferenciace, apoptozy)

» modulace specifickych signalnich drah (PI3K/Akt,
ERK1/2, p38) a transkripcnich faktor(l (NFkB, PPAR)
» ovlivnéni oxidativniho metabolismu (zejména
oxid/antiox enzymy

» ovlivnéni mitochondrii, Bcl-2 rodina, kaspazy

» indukce antimetastatickych gent (suprese matrix
metaloproteinaz, FAK, indukce E-kadherinu)



Komplexni interakce mezi délkou zivota, expozici danymi faktory a
disledky spojenymi s rozvojem nadoru kolonu

Hledani potencialnich biomarkerl nebo rizikovych mediatoru
priklad: signalni draha mTOR (Target Of Rapamycin) —spojena s energ. metabolismem

Lifespan Exposures Outcomes

Birth

5 Etiological factors
Childhood -

Diet (fat, protein)

Energy restriction
Overweight

Adolescence Body height
Physical activity
Overweight

Adulthood Diet (fat)
Overweight

Body composition
Physical activity
Glucose intolerance
Type 2 Diabetes

SRGdagoss _ _

[crRg

CRC Prognostic factors

Old age Diet (protein, fat)
Overweight
Physical activity Determinants
Sarcopenia Mediators
Body composition Early biological merkers CRC recurrence
Circulating amino acids

Quality of life

Death Do)

Fig. 2. Multidimensional, complex interplay between lifespan, exposure and outcome. Illustration of the multidimensional, complex interplay between lifespan exposures
related to eventual outcomes, which underlies the investigation of potential biomarkers or risk mediators, illustrated here by the mTOR pathway. Curr. Nutr. Rep. 2013

March;2(1):19-26.
Hagland HR and Soreide K, Cancer Letters 2015




Mechanismy pusobeni VNMK
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(napt. cytokiny)
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MOZNE MECHANISMY PUSOBENI n-3/n-6 VNMK
BUNECNA A MOLEKULARNI UROVEN

e vlastnosti bunécnych membrén
e oxidativni metabolimus

e prenos bunécnych signall
(uvnitf i mezi burikami)

e metabolismus estrogen(

e metabolismus insulinu

e ovlivnéni novotvorby cév
(angiogeneze)

e antimetastatické ucinky
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Bunecna membrana

s (BRI ﬁﬁﬁﬁﬁﬁﬁ?
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Prostaglandins Leukotrienes and Eicosanoids  Eicosanoids Leukotrienes and
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VNMK se vestavuji do fosfolipid( bunécnych membran, po pfislusnych
podnétech jsou uvolnovany fosfolipazou A2 a metabolizovany za Ucasti

COX a LOX enzym( na rlizné typy eikosanoidl (prostaglandiny,
leukotrieny)




Zmeény biofyzikalnich vlastnosti bunéénych membran

sprovazeji procesy diferenciace a apoptdzy savcich bunék

*souviseji do znacné miry s modulacemi ve slozeni, strukture,
symetrii a metabolismu bunécénych lipidu.

spozorovany rozdily u
» nadorovych a normalnich bunek
» nadorovych bunek senzitivnich a re2|stentn|ch
k cytostatikam

Zakladni model fluidni mozaikovité
struktury bunécné membrany

Pietzsch J et al., Nature Reviews, October 2004




Lipidové membranové mikrodomény - rafty

malé oblasti protein{ a lipidd v membrané s unikatnim
slozenim lipidli, bohaté na cholesterol a sfingolipidy.

Tyto struktury jsou funkcné zahrnuty v kompartmentalizaci,
modulaci a integraci bunécnych signalt a tak moduluji
dilezité procesy jako bunécny rlst, preziti a adhezi.

VNMK jsou zakladni slozkou lipidovych rafti a predpoklada
se, ze napf. DHA mUze ¢astec¢né plsobit zvySenim fazové
separace lipidd v membrané.

Strukturalni integrita LR a caveolae jsou zakladni pro prijem
VNMK. Caveolin-1 a FAT/CD36 jsou vazany v LR



Lipidové rafty — atomovy skenovaci mikroskop

Lodish, Molecular Cell Biology, 5th ed. 2004



Lipidové rafty jako platforma pro bunécné signalovani

a LIPID RAFTS LIPID RAFTS
, GPCR ‘ Ligand , ‘
RTK CASMER

Ligand GFR

CXCR4 Membrane Membrane
m M NE M
g
(EELE (
D
>
Cell survival Cell migration Cell invasion h Apoptosis
Cytosol Cytosol
H Phospholipids g Cholesterol ) Sphingolipids
i
<> FADD () Pro-Caspase 8 < Caspase 8

Figure 2. Lipid rafts as platforms for cell signaling. (a) Lipid rafts are formed by a phospholipid bilayer enriched in cholesterol, sphingolipids
and resident signaling proteins (AKT) and receptors (GPCR, G protein-coupled receptor; RTK, receptor tyrosine kinase including growth factor
receptor (GFR); CXCR4, C-X chemokine receptor 4). Once activated by their respective ligands, the receptors recruit different signaling
effectors that promote cell survival, cell migration and cell invasion, all of whichh (b) Aggregation of death
receptors (DR4/DR5, Fas) in lipid rafts forms CASMERs. Recruitment of CASMERs in a restricted space enhances fas-associated protein with

death domain (FADD)/Caspase-8 death signaling pathway when compared with apoptotic signal induced by the activation of non-clustered
death receptors.

Bjeloribi-Djefaflia S, Oncogenesis 2016




Transport MK do bunky

Extracellular
fatty acid carrier

Fatty acid transporter
and activator?

albumin l

/ \ 6 mammalian genes

‘.—'I fatty acid
: transport

-

\l

“flip-flop” *,

L ¢ protein

diffusion ' I

i CoA
" LT 4
—— acyl CoA "CoA l
synthetase CoA

9+ mammalian genes
Intracellular
fatty acid carrier

5 mammalian genes
Activates
fatty acid

MK vazany na albumin v
séru

Prenos pres membranu
difuzi nebo pomoci
specifickych transportnich
proteind (FATPs).

Vazba na specifické vazebné
proteiny (FABP), pfenos na
Ascl proteiny katalyzujici
reakci konvertuijici volné MK
na jejich CoA derivaty.

Marszalek JR and Lodish HF, Annual Rev Cell Dev Biol 2005



Transport MK pres cytoplasmatickou membranu

REzné modely:

« Jednoducha difuze

« CD36 (88kDa) a FABPpm (plasma membrane-associated fatty acid-binding protein
(43kDa) vazou MK na povrchu, zvysuji lokalni konc. a usnadnuji tak difuzi

« aktivni transport pomoci CD36

« Uvnitf bunék se MK vazou na cytoplasmatické vazebné proteiny (FABPc) pred
vstupem do metabolickych Ci signalnich drah

« Mala cast MK je transportovana FABP a rychle aktivovana membranovymi acyl-CoA
synthetazami (ACS1) a tvori estery acyl-CoA .

« MK s dlouhym retézcem > C22) jsou transportovany preferencné a primo
konvertovany na estery acyl-CoA s velmi dlouhym retézcem

FA O

Interstitial space

A

CoA
L 4  ACUICOA" ViCher o Schwenk RW Prostagl Leuk Ess Fatty A 2010




Koncentrace mastnych kyselin za fyziologickych podminek

Kvantitativni srovnani pritomnosti albuminu v mimobunécném prostoru,
fatty-acid binding proteins (FABPc) v cytoplasmé a koncentrace
mastnych kyselin za fyziologickych podminek.

Albumin (3-6 vazebnych mist pro MK) a FABPc (9 typl) vytvareji
prostredi pro extrémné nizké konc. MK s dlouhym retézcem.

FA FA > FA — FA < FA
1-10nM E=8 1-5nM FABP,

FA
Albumin: 300 — 600 uM : : FABP: 150 — 300 uM
Total FA: 100 — 400 pM : » Total FA: < 50 uM
Blood plasma / Plasa
interstitial space membrane Cytoplasm

Schwenk RW Prostagl Leuk Ess Fatty A 2010



Translokaza mastnych kyselin - FAT/CD36
(fatty acid translocase)

Protein v plasmatické (mitochondrialni?) membrané

CD36 — multifunkcni adhezni receptor pro trombospodin a colagen a
scavenger receptor pro LDL exprimovany na plateletech, monocytech ale
i jinych typech bunék.

Nové prokazana funkce pri transportu VNMK i jeho pritomnost v burikach
gastrointestinalniho traktu (Lobo MVT et al., J Histochem Cytochem 2001,
Campbell SE et al, J Biol Chem 2004, Drover VA, J Clin Invest 2005)

Extracellular

Intracellular

Fig. 1. Schematic representation of the membrane topology of
fatty acid (FA) transport protein.



Tvorba LDs v endoplasmatickém retikulu

Cytosol

Phospholipid
monolayer

Triacylglycerols and
cholesteryl esters PAT protein

Figure 1| The formation of lipid droplets. a | The formation of lipid droplets (LDs) as monitored by
the use of a caveolin-truncation-mutant—green-fluorescent-protein fusion protein (Cav3"®-GFP).
Before fatty acid addition (t = 0 min), Cav3"®~GFP localizes to the endoplasmic reticulum (ER) and
Golgi region (the image has been inverted to show dark staining for GFP). After fatty acid addition,
LDs appear throughout the cell within minutes {the t = 30 min image is shown here). For a movie of
this process, see the Further information. b | In the current model of LD formation, neutral lipids are
synthesized between the leaflets of the ER membrane. The mature LD is then thought to bud from
the ER membrane to form an independent organelle that is bounded by a limiting monolayer of
phospholipids and LD-associated proteins. Some of the best understood LD-associated proteins
are members of the PAT (perilipin, ADRP and TIP47-related protein)-domain family of proteins.
Part a modified with permission from REF. 8 © (2004) The American Society for Cell Biology.

Pri nadbytku MK se
syntetizuji neutralni lipidy

v membrané endopl. retikula
(ER).

Zralé LD se odstépuji z ER
membrany a tvori
samostatné organely
ohranic¢ené monovrstvou
fosfolipidd a spojené se
specifickymi proteiny.

Rodina PAT proteinl
(perilipin, ADRP, TIP-47).

t=0min

Martin S. and Parton RG, Nature Rev 7, 2006



Akumulace lipidl v cytoplazmé

2 \\*‘ Phospholipid
¥ monolayer

vznik ,lipid droplets, lipid bodies"

«akumulace lipidovych kapének (lipid droplets, LD)
v cytoplazmé bunék (pUtsobeni lipidovych latek,
indukce diferenciace a apoptozy )

-obsahuji neutralni lipidy (obvykle triacylglyceroly nebo estery
cholesterolu), obklopeny monovrstvou fosfolipid(

za normalnich podminek - zasobarna energie a cholesterolu
-dllezité pro udrzeni homeostazy lipidd, pro lipidovy metabolismus
a signalovani

-souvislost s regulaci procest diferenciace a apoptdzy neni zcela
objasnéna

«citlivé vitalni barveni lipidovych kapének

-fluorescencni barvivo Nile Red (flow cytometrie)nebo BODIPY
493/503 (fluoresc. mikroskopie)

Triacylglycerols and
cholesteryl esters




Funkce LD a dilezité proteiny s nimi spojené

Membrane
Trafficking
Caveolin, SNAP,
VAMP, small
GTPases
Structural (e.g. Rabs, /| Eicosanoid-forming
Proteins Rab18) enzymes
Perilipin, ADRP, , PLA;, 5-LO, 15-LO
TIP 47 \ i COX, LTC, synthase,
PGES
Lipid metabolism "
Squalene epoxidase C?\?l%'::i?;ls
Acetyl-CoA TNF-a
carboxylase
Acyl CoA Synthetase RAN‘LIE%'/:ILJ 6

Lanosterol synthase
Triglyceride lipase

Alcohol /
dehydrogenase Cell Signaling
Fatty acid CoA ligase MAPs: ERK1, ERK2,
S100A9 ‘ p38
PIBK: subunits p55,
p85a, p85b
PKC

Fig. 1. Lipid body-associated proteins.

Bozza P et al.,, BBA 1794:540, 2009



Akumulace LD v cytoplasmeé bunék kolonu
po pridani kyseliny arachidonové (AA)
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Moreira LS, Biochim Biophys Acta 2009



Kolokalizace LD s cPLA2 a uvolnovani AA
u kolonovych bunék po pusobeni kyseliny olejové

Lipid bodies/cell
0 10 20 30 40
OAI - | L ' ]
10 uM e
30 uM H»

overlay

% A23187-induced [:'H]AA release
0 5 10

BODIPY

Moreira LS, Biochim Biophys Acta 2009



Metabolismus VNMK
eikosanoidy




Metabolizace n-6 a n-3 VNMK

PUFAs (w)-3 PUFAs
LA (18:2n-6) ALA (18:3n-3)
A-6-Desaturase l A-6-Desaturase
GLA (18:3n-6) 18:4n-3
Elongase l Elongase
DGLA (20:3n-6) 20:4n-3
l A-5-Desaturase l A-5-Desaturase
AA (20:4n-6) EPA (20:5n-3)
I\I\I\I\I\I\I\I\I\I\I\ ANANAARNANRNLNAANRMNAMNMAMNAAMNRANANAADNAANRNAANANAMNARNAQARNRADNR l\
Membrane Phospholipids
\ /\/ LAV T T AR T A L L L ) ) LAY \l—I‘_\LLI AL L T L L T A T T T L T R T T T Y |—l_|l_~ll o u U \/
3 Phospholipase A2a + C V"' Phospholipase A2 + C
Arachidonic acid + Lysophospholipids EPA - Eicosapentaenoic acid
L — Elongase - -q'
Adrenic acid (22:4n-6) 120x[ " stox]  1st0K] 5> DA (22:5n-3)
COX-2  12-HPETE 5-HPETE 15-HPETE ~COX2 ->
A ) cassss sl | Ad-Desaturase = >
PGG2 : 5,12-HETE PGG3
Peroxidase - — - > i (+) Peroxidase ---.>¢ DHA (22:6n-3)
1
mPGES-1 «~ _ PGH2 : Leukotriene A4 / AS PGH3
- 1
7R Y sy
PGD2 PGI2 PGE2 TXA2 | LTC4 LTB4/LTB5 LTCS PGI3 PGE3 TXA3 PGD3
1
i ; LTD4 LTD5
PGJ2 PGF2a e PGJ3 PGF3a
LTE4 LTES
LTF4 LTFS

N-6 a n-3 VNMK soutézi o stejné enzymy (desaturazy a elongazy).

20C VNMK (DGLA, AA, EPA, DHA) jsou prekursory pro tvorbu riznych typu
eikosanoidu (prostaglandiny, leukotrieny, tromboxany) — soutéz o stejné enzymy
(cyklooxygenazy, lipoxygenazy)




Fosfolipaza A2

Enzym Ucastnici se lipidového metabolismu, dllezity pro radu
bunécénych procesu.

Tri skupiny:
sekretovana PLA2 (sPLA2),

*na vapniku nezavisla PLA2 (iPLA2),
*na vapniku zavisla cytosolova PLA2 (cPLA2).

Kromé Ulohy v bunécném signalovani souviseji PLA2 s rliznymi
patologickymi stavy, véetné zanétu, tkanové reparace a nadord.

U fady nador{ jsou hladiny sPLA2 a cPLA2 zvysSeny.

PLA2 jsou také cilem protinadorové terapie



Uvolnovani VNMK z fosfolipidu

PLA2 odstépuje VNMK z sn-2 pozice fosfolipidu
v membrane

H 0
o -, c—R1
R2—c—o0 L o
A ‘
T F“ o — IR3
H 0

Drug Discovery Today

Figure 1. Phospholipid structure with phospholipase A,
cleavage site.

Laye JP and Gill JH, Drug Discovery Today 2003




SPLAZ2 v zanétlivé odpoveédi

Extracellular matrix

Prozanétlivé cytokiny

Ca2+

E.:\T;js o E"?“;js indukuji expresi sPLA2.
hA LA, B s Aktivadni faktory uvolfiuji
/ A SPLA2 ze sekrecnich granul
\ / do ECM.

Pro-inflammatory SPLA,

cyokne (3 Actating simi Za piitomnosti Ca2+ SPLA2
AN /@ hydrolyzuje membranové
fosfolipidy sousednich

N

Translation
Cy I Nucleus

Figure 2. sPLA, participating in an inflammatory response. (1) Pro-inflammatory
cytokines such as tumour necrosis factor o (TNF-cf) or interleukin 15 (IL-1pB) induce
cellular expression of sPLA,. (2) Activating tactors cause release of sPLA, from
secretory granules into the extracellular matrix. (3) In the presence of millimolar
concentrations of Ca2+, sPLA, hydrolyzes membrane-bound phospholipids of
neighbouring cells. Released fatty acids, such as arachidonic acid, are further metabolized
into eicosanoids, generating an inflammatory response in neighbouring cells.

bunék.

Uvolnéni AA a nasledna
tvorba eikosanoid(l
indukuje zanét.

Drug Discovery Today

Laye JP and Gill JH,
Drug Discovery Today 2003




Rlizné mechanismy plisobeni sPLA2 v karcinogenezi

ENZYME LIGAND

Fatty acids  Lysophospholipids ' Receptor
LPC, LPE, LPS, LPA, ... binding

OA, LA, AA
DHA, EPA, ...

F

LIPID BIOACTIVE LIPID RECEPTOR-MEDIATED
METABOLISM SIGNALLING SIGNALLING
Lipid droplets Eicosanoid signalling
Fatty acid oxidation cPLA, PIZII?ITH
AMPK EGFR | mMTOI

ENERGY & REDOX BALANCE

RESISTANCE TO METABOLIC STRESS GROWTH & PROLIFERATION  PROLIFERATION & RESISTANCE TO APOPTOSIS

GROWTH & PROLIFERATION INHIBITION OF INVASION & METASTASIS
INDUCTION OF CELL DEATH AND SENESCENCE

Fig. 1. Different mechanisms of action of sPLA,s in cancer. A particular sPLA, isoform may affect cancer cell growth parameters through one, two or several of the described
mechanisms in a sequential or parallel manner, depending on the enzyme characteristics, the released products and their metabolites, the cancer cell (pheno)type and the tumour
microenvironment. Some of these mechanisms may affect tumour growth in a pro- (green) and others in an anti-tumourigenic (red) manner, the final outcome in a particular
setting in vivo being likely dependent on the net balance between the two. sPLA,s can function as: 1) enzymes, hydrolysing phospholipids and thus releasing a complex mixture of
various FAs and lysophospholipids; or 2) ligands for their receptors and binding proteins, such as the M-type PLA; receptor and integrins. sPLAzs can exert their enzymatic activity-
dependent roles either by: a) modulation of basic lipid metabolism by stimulating lipid droplet formation and mitochondrial oxidative metabolism, most notably affecting the
expression of key FA oxidation enzymes, activating AMPK and Akt kinases, while at the same time suppressing the expression of SREBP-1 and other genes involved in FA synthesis.
sPLA,s can in this way modulate the energy and redox balance in the cell, which leads to increased survival and proliferation capabilities of the cells, in particular resistance to
metabolic stress-induced apoptosis; b) bioactive lipid signalling through direct action of the released FAs and lysophospholipids or their conversion to other biologically active lipid
mediators, in particular, the production of (often pro-inflammatory) eicosanoid metabolites of AA. These effects are commonly associated with the activation of cPLAy« and of the
EGFR, MAPK, PI3K/Akt and NF-kB pathways, leading to increased proliferation of cancer cells. On the other hand, receptor-mediated signalling usually results in the activation of the
MAPK, PKC and PI3K/Akt/mTOR cascades and thus proliferation and resistance to apoptosis in cancer cells. In some cases, the roles of enzymatic activity or receptor-mediated
mechanisms have not been investigated or clarified, e.g. the inhibition of invasion and metastasis by hGIIA sPLA; in gastric cancer cells [21]. Likewise, the mechanisms involved
in some of the reported tumour suppressive effects of sPLA;s are not clear, and may be related to their ability to induce apoptosis and senescence in some types of cells. Ab-
breviations: AA, arachidonic acid; AMPK, AMP-activated protein kinase; cPLA,z, cytosolic group IVA phospholipase Az; DHA, docosahexaenoic acid; EGFR, epidermal growth factor
receptor; EPA, eicosapentaenoic aad; FA, fatty acid; LA, linoleic acid; LPC/E/S, lysophosphatidylcholine /ethanolamine/serine; LPA, lysophosphatidic acid; MAPK, mitogen-activated
protein kinase; mTOR, m lian target of rapamycin; OA, oleic acid; PKC, protein kinase C; SREBP-1, sterol regulatory element-binding protein 1.

Brglez V. et al Biochimie 2014



Aktivace cPLA2

Extracellular matrix
Pro-inflammatory Activating stimuli

cytokines D \ / @

Transcription

Nucleus

Drug Discovery Today

Figure 3. Activation of cPLA.-c.. (1) Pro-inflammatory cytokines including tumour
necrosis factor o induce expression of cPLA,-o. (2) Activation leads to
mitogen-activated protein kinase-pathway-directed phosphorylation of cPLA; -o..

(3) Extracellular influx or mobilization of intracellular stores of Ca2+ bring about
cPLA, - translocation from the cytosol to perinuclear membranes. This brings
cPLA,-c in close proximity to both its substrate and enzymes involved with
eicosanoid synthesis. (4) Activated cPLA,-c lyses membrane phospholipids providing
arachidonic acid (AA) to a range of enzymes involved with eicosanoid synthesis,

specifically COX and LOX.

Prozanétlivé cytokiny indukuji expresi cPLA2. Nasleduje fosforylace
zprostfedkovana MAP kinazami. Ca2+ zplsobuje translokaci cPLA2 z cytosolu do
perinuklearni membrany, kde je takeé jeji substrat a enzymy nutné k tvorbé
eikosanoidl. Aktivovana cPLA2 lyzuje membranové fosfolipidy a uvoliiuje AA,
ktera je metabolizovana COX a LOX.

Laye JP and Gill JH, Drug Discovery Today 2003




Model konstitutivni overexprese cPLA2 a COX-2
u nadorovych bunék

Pro-inflammatory cytokine -

(e.g. TNF-a)

l

Y
_ Phospholipid AA PGE 2
Y

|

Overexpression

/ > Transcription \

Figure 4. Model of constitutive overexpression of cPLA, and COX-2 in tumour cells
(reviewed in [4]).

Drug Discovery Today

Laye JP and Gill JH, Drug Discovery Today 2003




PREHLED LIPIDOVYCH MEDIATORU

INKORPORACE A UVOLNOVANi VNMK Z MEMBRANOVYCH FOSFOLIPIDU
» odrazi slozeni a obsah VNMK v dieté
» n-6 a n-3 VNMK soutézi o stejné pozice
ve fosfolipidech

vvrs . s . o ' ::g oh hl PIP
» soutezi o stejne metabolizujici enzymy:

t
inositoltria ph e PIP:

OO - -
‘... : ; ' ’ N ‘

LPC Lyosofv(')s’fol'ipid'y '

- Dulezité signaini

P T Holkuly
v

5-LOX 5-LOX COX-1
aneiox siox 1ZILOX /MP COX-2 !
| 12i5.L0x l LPCAT2 ATX
LTA4

PGE;\\‘
LTClS LTA‘I'I H'PGDS mPGES-Z

1 l l l l l }
°D1) Reved [f XA CJ’*@@ PGD, m.

IX/ / /\ /l \\
J8-or1: or2 EFREREIREIENES R SRIRIRIRS

Taraet cell




Syntéza eikosanoidii a jejich vazba
na receptory sprazené s G proteiny

Extracellular
Intracellular l 1
P450 pathway
« 12-LOX {SAID
- BLoX; SuLULE [ coxt]
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COX-2 i 5-LPO stimuluji bunécnou proliferaci,
inhibuji apoptézu a indukuji neoangiogenezi

Cancer cell
proliferation

Romano M and Claria J., FASEB J 17, 2003:1986-1995




Cyklooxygenazové drahy

kyselina - endotoxin

1 4  cytokin
arachidonova aktivace . nz'itogezy

COX-1 COX-2 inhibice glukokortikoidy

konstitutivni /\ / indukovatelna /\
l neselektivni inhibitory l
COX-1i COX-2 selektivni inhibitory COX-2
(NSAIDs — ibuprofen,indometacin, aspirin) (coxiby — nimesulid, celecoxib)
* zaludek mista zanétu:
*strevo » makrofagy
*ledviny - synovialni burky

«krevni desticky




COX-2 je nadmérne exprimovana u 40-90% kolorektalnich
adenomU a u 90% adenokarcinomd

Fig. 2 COX-2 expression in tumoral cells and superficial intersti-
tial cells (arrows) in a well differentiated colon adenocarcinoma.
Immunohistochemistry, x200

Renehan A.G. Et al., Colorectal Disease 4, 2002:76-89



Zvysena exprese COX-2 u nadort

Table 1. COX2 expression in malignant or premalignant
human tumours

Premalignant or malignant lesion COX2 expression (%)
Colorectal 80-80
Gastric 80
Cesophageal 70
Hepatocelular (iver cirrhosis) 24 (81)
Fancreatic &7
Head and neck 80
Mon-small-cell lung cancer 70
Breast (ductal carcinoma-in-situ) 40 (B0)
Prostatic 83-03
Eladder 86
Carvix 43
Endomstrial a7
Cutaneous basal cell 25
Cutansous sgquamaous cell 80
pPPNET 100
Glioblastoma multiformes 7174
Anaplastic astrocytoma (low grads) 44 (30)

References avallable at httpedimage.thelancet. comdexdras/ O3oncl200webir. padf




Komunikace mezi riiznymi typy bunék se zvySenou
expresi COX-2 podporuje karcinogenezi

Cellautonomous effect Landscaping effect

Zvysena exprese COX-2 u
/—ﬂ"‘"e mechanism fady bunécnych typl -
B Stromal cell makrOfégy, flbr0b|aSty,
°° N .- osteoblasty, endotelidlni b. —

pas @
podporuje rist nadoru rfadou
mechanism{:

o °° Auigotine gy VEGF PGs zavislé na COX-2 stimuluji
e A @ ‘D vnitrobunécné receptory
(intrakrinni mechanismus),

Cancer cell - PG receptory (autokrinni
J, mechanismus) a
Apoptosis

Cell migration Endothelial cell PG rec_e,pt(,)ry jinych bunek -
Immunoregulation i endotellalnl b. —_

Aromatase modulation

EGF modulation Angiogenesis p roa ng |Og enn |’ efe kty
Figure 3. COX2 is overexpressed in several cell types, such as macrophages, synoviocytes, (pa ra kl’l n n |’ m eCha n IS m U S)

fibroblasts, osteoblasts, tumour endothelial cells, and “activated” endothelial cells, and may
contribute to tumour growth through several mechanisms: COX2-dependent -prostaglandins can
stimulate intracellular receptors (Intracrine mechanism), self-prostaglandin membrane receptors
fautocrine mechanism), and prostagiandin membrane receptors of different cells, such as
endothellal cells, with proanglogenic effects (paracrine or landscaping effect).

Gasparini G. Et al. The Lancet 4, 2003:605-615




Uloha lipoxygenaz (LOX) v rozvoji nador

PRO-TUMOR

5-LOX (5-HETE) NTUMOR
12-LOX (12-HETE)

15-LOX-1 (13-HOD
( X 15-LOX-2 (15-HETE)
8-LOX (5-HETE)

—_—

:

—_—

-

Proliferation
Inhibition of Apoptosis Differentiation
Angiogenesis Growth Arrest
Invasion and Mectastasis Induction of Apoptosis

Rovnovaha v produkci rliznych isoforem LOX (pro- i protinadorovée
pUsobicich) a jejich biologicka aktivita rozhoduje o vyvoji nadord.

Pidgeon GP et al Cancer Metastasis Rev, 503, 2007



Metabolismus LOX podporuje pritichod bunék
bunécnym cyklem

inhibition
in prostate
cancer

Point where cell R
commits to divide

Late G1

Gene
Transcription

p_z%E__ 15-LOX-1

P27 in colon cancer
P57

12-LOX
inhibition

in lung

cancer

12- a 15-LOX a jejich metabolity podporuiji préichod nadorovych bunék bunéénym cyklem.
Jejich inhibice zplsobuje zastavu bunécnou cyklu nasledovanou obvykle apoptdzou.

Pidgeon GP et al Cancer Metastasis Rev, 503, 2007



Hlavni molekularni cile COX-2 a NSAIDs
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Uéinky inhibice cyklooxygenaz a lipoxygenaz
na nadorové bunécné populace

-Rada nadord méa zménény metabolismus VNMK a produkuje zvyéené
mnoZzstvi jejich metabolitl — zejména z n-6 typu.

-Uroven exprese jednotlivych typt enzym@ (COX1, COX2, 5-, 12- 15-
LOX, FLAP, P450) se lisi podle typu a histologického stupné nadoru

-Mitogenni a viabilitni faktory (EGF, HGF atd.) a prozanéetlive cytokiny
(TNF-a, IL-1) indukuji uvoliovani AA a tvorbu eikosanoid(, které slouzi
jako prenasece nebo modulatory signall reguluijicich proliferaci a
apoptozu

Nesteroidni antiflogistika (NSAID - aspirin, sulindac, indometacin,
ibuprofen , piroxicam) inhibuiji aktivitu COX a maji preventivni a
terapeutické Ucéinky na rozvoj nador(l, zejména kolonu.

Viyuziti selektivnich inhibitorlt COX2 (inducibilni) - coxiby



« NSAID - snizuji proliferaci a indukuji apoptozu mechanizmy
zavislymi i nezasvislymi na aktivité COX

« UCinky mohou byt prime nebo neprimeé - zprotredkované
napr. zmenami aktivity imunitniho systému (lisi se ucinky v
systémech /in vitro a in vivo)

- Inhibitory LOX (NDGA, esculetin, MK-886) inhibuji proliferaci
a indukuji apoptozu rady nadorovych linii

 Produkty 5-LOX funguiji jako ,,second messengers" rady
rlstovych a viabilitnich faktorG

 Produkty 12-LOX se uplatnuiji v procesu invaze a tvorby
metastaz - ovlivnéni exprese proteaz, adhezivnich molekul -
vyuziti inhibitord



PG a LT zprostredkovavaji interakci mezi nadorovymi bunkami
a bunkami imunitniho systému

Epithelial cells Macrophage @ O n:
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Wang D, DuBois RN, Nature Rev Cancer 2010




Model prozaneéetlivych PG a LT v podpore nadorové progrese
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Wang D, DuBois RN, Nature Rev Cancer 2010




PGE2 a LTB4 podporuji progresi nadoru

Indukce proliferace, prezivani, migrace a invaze nadorovych

epitelialnich bunék

>0

o O
PGE, AA A EGr ke
ligands

Proliferation
and cell survival
Degradation

.

» Proliferation Cell migration  Cell survival
and invasion

Wang D, DuBois RN, Nature Rev Cancer 2010



U&inky a molekularni mechanismy
pusobeni n-3 VNMK




Predpokladané protizanétlivé a protinadorové
ucinky n-3 VNMK

DIETARY INTAKE

Adipose
tissue

\ n-3 ;UFA

Inflammation / J

Primary
Carcinogenesis tumour growth Local invasion Dissemination Metastasis

Dumas JF, Seminars in Cancer Biology 2017




Molekularni mechanismy puasobeni n-3 VNMK

zahrnuji

- zmény vlastnosti bunécnych membran (fluidita, lipidové rafty)

« suprese biosyntézy eikosanoidt odvozenych od AA — zména
imunitni odpovédi a modulace zanétu, proliferace, apoptdzy, tvorby
metastaz a angiogeneze

-ovlivnéni signalové transdukce, aktivity transkripcnich faktord
(NFkB, PPARY) a genove exprese — zmény metabolismu,
bunécného rdstu a diferenciace

-zméeny metabolismu estrogent — redukce estrogeny stimulovaného
(o]
rustu

-zvysena nebo snizena produkce volnych radikalt (kysliku, dusiku)
-mechanismy zahrnujici citlivost k insulinu



Nové lipidové mediatory odvozené od n-3 VNMK

Resolviny a neuroprotektiny

a [ Omega-6 | ( Omega-3 )
Arachidonic acid Eicosapentanoic acid Docosahexanoic acid
AA EPA DHA

i cell-cell

{ 8 lLOX-I.OX l l
Prostaglandins Lipoxins Resolvin Es Resolvin Ds
Leukotrienes LXs RVEs RvDs

Aspirin-triggered LXs Neuroprotectins
ATL NPDs
Pro-inflammatory Lipid mediators Anti-inflammatory
class switching Pro-resolving

Progression and biosynthesis of new lipid mediator families

Inflammation-Resolution (Time)

Serhan CN and Chiang N, Br J Pharmacol 2008




Produkce a struktura mediatorli odvozenych od DHA

a Docosahexanoic Acid

Vascular
Endothelial Cells DHA

l Leukocytes
Leukocytes

3 —
Aspirin Triggered §_/_\_\Z_§/_/_\_\ COOH
Resolvin Ds —

AT-RVDs 175-H(p)DHA
[ 7shydroperoxy, 175HDHA | [ 4shydroperoxy, 175-HDHA |

[ 75i8)-epoxide intermediate | | 45(5)-epoxids intermediate |

e

Reduces PMN infiltration

COOH

D resolviny

\
z
I o
I

Protects in renal ischemic injury
Regulates PMN transmigration

D Neuroprotektiny

Figure 3 D-series resolvins and protectins. (a) Resolvin Ds: formed from docosahexaenoic acid (DHA), the proposed biosynthetic pathways
reconstructed in vitro involve the lipoxygenase (LOX) product 175-H(p)DHA, which is rapidly transformed by the LOX activity in human
polymorphonuclear leukocyte (PMN) into two epoxide intermediates. These two novel epoxide intermediates open to form bioactive products
denoted 175-resolvin D series (RvD1-4). Aspirin also impacts the formation of resolvin D series by catalytically switching COX-2 to a 17R-
lipoxygenase-like mechanism that generates 17R-H(p)DHA, and subsequently 17R-resolvin D series (AT-RvDs). (b) Protectins: the initial
enzymatic product 175-H(p)DHA is converted to neuroprotectin D1/PD1. The complete stereochemistries of the bioactive mediators and
related natural isomers are established (see text for further details).

Serhan CN and Chiang N, Br J Pharmacol 2008




Produkce a struktura mediatorli odvozenych od EPA

Vascular Endothelial Cells i O(OH 4__;”.1. EPA

Eicosapentanoic Acid ——» HoOC & 18R-hydroperoxy-EPE

EPA e l Leukocytes

55(6)-epoxy- &
18hydroxy-EPE 4 4 COOH
A
A\
5S-hydroperoxy.
18R-hydroxy-EPE Resolvin E2

1

EQJE Dendritic cells
COOH ) 1 Migration
1 IL-12 production
(€ = <l (Rosonin 1) [frans>
@O PBMC
PMN T MAPK activation

1 NF-KB activation in vitro
1 PMN Infiltration in vivo

Figure 2 E-series resolvins. Aspirin impacts the formation of resolvin E1 (RvE1) by acetylating COX-2 in vascular endothelial cells that
stereoselectively generate 18R-hydroperoxy-EPE (18R-H(p)EPE). 18R-HEPE is further converted via sequential actions of leukocyte 5-LOX,
leading to formation of RvE1. The complete stereochemistry of RVE1 was recently established. Microbial P-450s can also contribute to RvE
biosynthesis via converting eicosapentaenoic acid (EPA) to 18-HEPE (Arita et al., 2005b). Human recombinant 5-LOX also generates resolvin
E2 (RvE2) from 18-HEPE. At least two separate GPCRs can specifically interact with RvE1: (1) ChemR23, on mononuclear cells and DCs, and (2)
BLT1, on human PMN. Also, when expressed on epithelial cells ChemR23 and RvE1 stimulated CD-55-dependent clearance of PMN from the
mucosal surface (Campbell et al., 2007).

Serhan CN and Chiang N, Br J Pharmacol 2008




Rozdilné ucinky omega-3 a omega-6 VNMK
na genovou expresi nadorovych bunék prsu
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Fig. 1 (A) Pseudo color
cluster view of genes
differentially expressed
between omega-3 (w-3) and
omega-6 (w-6) fatty acids.
Cells were treated with the
four fatty acids at 6 and 24 h.
RMNA was isolated and
hybridized on the cDNA
microarray shides as detailed
in materials and methods.

bl

£

Images were analyzed using
GenePix 4.0 and data were
analyzed using GeneSpring
7.0. (B) Conditional tree-view
of genes showing the most

-
'

|

variation between the four
pre-designed groups. This
figure shows that the period
of incubation with the fatty
acids has an important effect
on cell responses to the
treatments. Red and yellow
color branches are
representative of the 6 and
24 h time points, respectively

B

Hammamieh R, Breast Cancer Res Treat 2007, 101:7




Déje na mitochondriich a oxidativni metabolismus

*VNMK fyzicky interaguji s mitochondrialni membranou, méni
jeji permeabilitu oteviranim MTP (membrane permeability
pores) a snizuji tak membranovy potencial.

-DHA je prednostné inkorporovana do kardiolipinu, fosfolipidu
vnitrni mitoch. membrany. To souvisi se stupném
nenasycenosti, indukci oxidativniho stresu, uvolnénim
cytochromu c a apoptozou.

*VNMK moduluji hladinu proteint rodiny Bcl-2 (Bid, Bcl-2),
které intereaguji s lipidy mit. membrany.

«Zvysené mnozstvi VNMK vyvolava oxidativni stres (produkce
ROS, NOS a lipidova peroxidace)



Inkorporace n-3 VNMK do bunéénych membran ovliviuje strukturu i funkci

Structure of DHA

Phospholipids Phospholipids DHA. S.e .inkorpo‘ruje SpeCi‘fiCky dov
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tty acids i t 2 2 a
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Surette ME, CMAJ 2008
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Kardiolipin (pifosfatidyl glycerol, glycerolfosfolipid)

Hlavni soucast membran mitochondrii

CH;-0-CO-CH,-CH;-CH,-CH,-CH,-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,

(|3H-0-CO-CHg-CHg-CHg-CHg-CHg-CHg-CHg-CH:CH-CHg-CH:CH-CHE-CHQ-CHQ-CHQ-CHg

(|3H2-0
'O-T||’-O-CH2

o This is diphosphatidyl glycerol or "cardiolipin" which was

originally isolated from heart muscle. It stabilises phospho-

o CH-OH lipid bilayers and provides electrical insulation under extreme

I conditions. It i also found in bacterial membranes.
HO-P-O-CH;

|
CH,-O
|
CH-0-CO-CHy-CH;-CHy-CHy-CH,-CH;-CH,-CH: CH-CH,-CH: CH-CH;-CH;-CH,-CH,-CH,
|
CH;-0-C0-CH;-CH;-CH,-CH;-CH;-CH,-CH;-CH:CH-CH,;-CH:CH-CH;-CH;-CH;-CH,-CH;

sn-1 — SFAs — LA, OA
sn-2 — PUFAs — DHA — prednostné se vestavuje do kardiolipinu — méni
nenasycenost mit. membrany a oxidativni metabolismus.

Souvislost s aktivitou cytochrom c oxidazy a uvolhovanim cytochromu c
Vyznam pro apoptozu



Chemoprotective
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Mozné chemopreventivni mechanismy bioaktivnich dietetickych molekul

Aktivace TF regulujicich
chemoprev. geny
Inhibice TF podporujicich
onkogenezi

Uginky na miRNA
Ovlivnéni posttranslacni
modifikace histonu

O OOncogene

VININING -

Potential mechanisms by which bioactive dietary molecules mediate chemoprotective effects in the nucleus.
H Bioactive dictary molecules such as EPA, DHA, and curcumin can activate transcription factors that regulate
chemoprotective genes or inhibit transcription factors that drive oncogenesis. These molecules can also
affect miRNA silencing as well as alter posttranslational modification of histones. Abbreviations: ac, histone
acetylation; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; me, histone methylation; miRNA,
1 microRNA; p, histone phosphorylation; ub, histone ubiquitination.
CH,

Histone
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Hou TY et al, Annu Rev Nutr 2016



Exprese jadernych receptoru
béhem vyvoje nadort kolonu

Normal epithelium Hyperproliferative epithelium Colon carcinoma
Aberrant cryptic foci

o

TREI LRH-1
PPARB
RXRa-P
PPARy?

TP53 — tumor protein 53
SMAD2 — Small mothers against decapentaplegic homolog 2

D’Errico I and Moschetta A Mol Cell Life Sci 2008



Mastné kyseliny a jejich metabolity funguji jako aktivatory PPARs

Figure 1| Schematic representation of the PPAR
signalling pathways. a| Endogenous agonists of
peroxisome-proliferator-activated receptors (PPARS). PPARs
are ligand-inducible receptors, which can be activated by fatty
acids — such as arachidonic or linoleic acids — and their
derivatives. The fatty-acid metabolites that activate PPARS are
mainly derived from arachidonic or linoleic acids through the
cyclooxygenase or the lipoxygenase pathways. The best
characterized at the moment are leukotriene B4 (LTE4) and
85-HETE (hydroxyeicosatetraenoic acid), which preferentially
activate PPARa: 15-deoxy-prostaglandin J2 (15-dPGJ2) and
15-HETE. which are PPARy-selective ligands; and the
prostaglandin 12 (PGI2, also called prostacyclin), whichis
probably a PPARB/S natural ligand. PPARyis also activated by
9-HODE (hydroxyoctadecadienoic acid) and 13-HODE, either
derived from lincleic acid or as components of oxidized low-
density ipoprotein (oxLDL). b | PPARS function as
heterodimers with their obligate partner, retincid receptor
(RXR). The dimer probably interacts with co-requlators, either
co-activators (CoAct) or co-repressors (CoRep). Inthe
unliganded form, PPARB/6-RXR heterodimer, in contrast to
PPARc-RXR and PPARy-RXR heteradimers, recruits co-
repressors and represses the activity of PPARo and PPARY
target genes by binding to the peroxisome proliferator
response element (PPRE) that is present in their promoters®”.
In their liganded form, the PPAR-RXR heterodimers interact
with co-activators, bind to the PPRE that is present in the
promoters of their target genes and activate their transcription.

Cyclooxygenase

12-,15-Lipoxygenase

Michalik L et al., Nature Rev Cancer 2004




Dulezité signalni drahy a molekuly indukované ¢i inhibované PPARy

akt
PPARYy indukuje fosfatazu PTEN vedouci k inhibici kinazy Akt.

Akt ma antiapoptické ucinky (inhibice kaspazy-9).

PPARYy zpUsobuje zastavu bun. cyklu represi cyklinu D, indukci p18, p21,

p27 a interakci s Rb. PPARy rovnéz potlacuje beta-katenin a COX-2
podporujici karcinogenezi kolonu.

Voutsadakis IA, J Cancer Res Clin Oncol 2007, 133:917




Microarray analyza lidské nadorové bunécné slinie
kolonu CaCo-2 po plisobeni DHA (48h)
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Fig. 2. 4, scanned image of hybridized human oligoarrays con-
taining 3.8 k genes. Total RNA from CaCo-2 cells, treated with
DHA for 48 h, was used for microarray analysis as described in
“Materials and Methods.” A red color image of spots represents
induced genes, green spors indicate repressed genes. B, scatter plot
view of gene expression. Expression intensity Cy5:Cy3 ratios of
untreated versus DHA-treated CaCo-2 cells. The ratios (Cy-5:Cy-3)
of genes that have =2-fold expression are considered induced, and
those with =0.5-fold expression are considered repressed. Approx-
imately 504 of 3800 genes (13%) were expressed in DHA-treated
cells.
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Fig. 3. RT-PCR validation of selected genes listed in Table 1. Differential expres-
sion of potential molecular targets modulated by DHA in CaCo-2 cells is shown on 2%
agarose gel.

Narayanan BA et al.,, Cancer Res 2003



Zmeny lipidu a jejich metabolismu
pFi vyvoji nadoru




DalsSi znaky nadoru

Emerglng Ha”marks Figure 3. Emerging Hallmarks and Enabling

Characteristics
An increasing body of research suggests that two
additional hallmarks of cancer are involved in the
pathogenesis of some and perhaps all cancers.
One invalves the capability to modify, or repro-
. T - gram, cellular metabolism in order to most effec-
Deregulating cellular Avoiding immune tively support neoplastic proliferation. The second
energetics destruction allows cancer cells to evade immunological
destruction, in particular by T and B lymphocytes,
macrophages, and natural killer cells. Because
neither capability is yet generalized and fully vali-
dated, they are labeled as emerging hallmarks.
Additionally, two consequential characteristics of
neoplasia facilitate acquisition of both core and
emerging hallmarks. Genomic instability and thus
mutability endow cancer cells with genetic alter-
ations that drive tumor progression. Inflammation
by innate immune cells designed to fight infections
and heal wounds can instead result in their inad-

1 HT N ( vertent support of multiple hallmark capabilities,

Genome mstabuhty Tumor prom_otmg thereby manifesting the now widely appreciated

and mutation Inflammation tumor-promoting consequences of inflammatory
responses.

Enabling Characteristics

Schopnost modifikovat nebo reprogramovat bunéény metabolismus k podpore proliferace
Uniknuti z imunologického dohledu
Geneticka nestabilita (mutabilita) a zanét podporuji nddorovou progresi

Hanahan D and Weinberg RA Cell 2011, 144:646




Syntéza a prijem mastnych kyselin

Exogenous (essential) FAs and lipids
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Figure 2 | Fatty acid synthesis and uptake. Overview of the metabolic pathways required for the de novo synthesis of
fatty acids (FAs). Glucose or glutamine generates citrate, which is cleaved by ATP-citrate lyase (ACLY) to acetyl-CoA and
oxaloacetate. ACLY is phosphorylated and activated by AKT. Acetyl-CoA can also be synthesized from acetate, which is
taken up from the environment or provided by intracellular sources. Acetyl-CoAis then carboxylated to malonyl-CoA
and condensed by FA synthase (FASN) in a repeat reaction to generate palmitate, Palmitate is then elongated by FA
elongases (ELOVLs) and desaturated at the A9 position by stearoyl-CoA desaturases (SCDs). Other FA desaturases
(FADSs) can introduce double bonds at the A5 or A6 position, or a( A9inlong-chain FAs. Essennal FAs (containing double
bonds in positions higher than 9) have to be taken up from the blood: via the low-d in (LDL)
receptor (LDLR), FA transport proteins (FATPs) or FA translocase (FAT) together with FA bmdmg proteins (FABPs).

Short-chain FAs can also passively enter cells. Together, FA; d through de hesis and through
exogenous uptake make up the pool of intracellular FAs that can be used for the synthesis of triacylglycerides for energy
storage, glycerophospholipids, cardiolipins and sphingolipids for memb nthesis, and eicosanoids for signalling

processes. Enzymes known to be regulated by sterol regulatory element binding proteins (SREBPs) are shown in red.
Proteins upregulated or activated in cancer are marked by red diamonds. a-KG, a-ketoglutarate; ACC, acetyl-CoA

carboxyl (.3A§SSZ‘ ! )' acetyl-CoA 4 ; A COX, cyel i GLS, gl 4 lbl : GLUL(‘J(lucose

: G3P glyceral 3-phosph 6P, glucose-6 IF, hypoxia-inducible factor; a H .
hesckiasr DH, vt dehyrooenases T momocarbrylre tronsporter: ME e cnme: FOH. pyrvate Réhrig F and Schultze A, Nature Reviews Cancer 2016
dehydrog PDK, py dehyd (acetyl ing) kinase; SLC1AS, solute carrier family 1 member 5;

TCA, tricarboxylic acid.



Hlavni zmény metabolickych drah lipidi u nadorovych bunék
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Figure 1. A simplified map of the main altered lipid metabolic pathways in cancer cells. Lipid metabolic network (blue) includes import/expor
and catabolic pathways (FAO) as well as de novo synthesis pathways, such as lipogenesis (that is, synthesis of TGs and PLs) and cholestero
synthesis. Glucose- and/or glutamine-derived citrate, provided by the increased glycolysis and/or glutaminolysis (orange), are commor
precursors of lipogenesis and cholesterol synthesis. Cancer cells can also take up exogenous cholesterol, transported by LDL and very-low
density lipoproteins (VLDL), to meet their cholesterol requirement. When cholesterol, PLs and TGs are in excess in tumors, they are exportec
into circulation as high-density lipoproteins (HDLs) or locally stored into LDs. Exogenous FAs taken up by cancer cells are broken down tc
produce energy through mitochondrial FAO process. TCA cycle, tricarboxylic acid cycle aKG, a-Ketoglutarate.

Bjeloribi-Djefaflia S, Oncogenesis 2016
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Celotélovy lipidovy metabolismus a nadory

Excoss adipose tissue Pancreas
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Fig. 2. Whole-body lipid metabolism and cancer. (A) Obesity and
insulin resistance can contribute to cancer development by increas-
ing the secretion of insulin by pancreatic B-cells and by enhancing
the availability of IGF1 as a result of the increased production of
IGF-binding proteins. Secretion of inflammatory cytokines by adi-
pose tissue can also promote transformation and proliferation of
tumour cells. (B) Tumour load promotes the breakdown of lipids in
the adipose tissue of cachexic patients. Tumour cells can use circu-
lating free fatty-acids as an energy supply, for membrane biosyn-
thesis or for signalling processes. Glycerol produced by the
breakdown of triacylglycerides can be used for gluconeogenesis in
the liver.

Santos CR, Schultze A., FEBS J 2012



Rlzné aspekty vyvoje nadoru podporované lipidy

Diet
mobilisation from de novo fatty acid
adipose tissue synthesis

N

@atty aclds
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Membrane Membrane Lipid droplet NADPH Cholesterol
synthesis saturation formation oxidation lipid hormones

L T R

Cell growth and Oxidative  Survival under Redox Proliferation and
proliferation stress energy stress balance invasion
resistance

Fig. 3. Lipids can promote different aspects of cancer develop-

ment. Stimulation of fatty-acid synthesis by oncogenic signalling

and increased mobilization from adipose tissue as a consequence

of cachexia increase the availability of lipids in cancer cells. These

may contribute to several aspects of the tumour phenotype, such

as growth and proliferation, survival under oxidative and energy

stress, support of a high-glycolytic rate by promoting redox balance

and stimulation of signalling pathways that lead to proliferation and Santos CR, Schultze A, FEBS J 2012
invasion (see the text for more details).




Syntéza mastnych kyselin u nadorti — vyvoj poznatku

OA-519 De novo FA synthesis Specific uptake of unsaturated lipids
Up to 160-fold increase in activity of identified as linked to drug resistance® found in hypoxic cells and cells
ACLY in breast tumours compared FASN, and transformed by HRAS-G12V (REF 45)
with normal breast tissue!®® first use of Weight loss and Crystal [
cerulenin to anorexia structure of Link between
Warburg discovers Discovery of inhibit growth | | observed in mice | | mammalian E5 desainrsifem Evidence for acetate as an
aerobic glycolysis SREBP1 and SREBP2 | | of breast treated with C75 FASN and ER stress alternative carbon source for
in cancer tissue! (REFS 191,192) cancer cells* (REF. 131) resolved?? shown1#8-150 FA synthesis in cancer3#1#?

—

2000 2008 2010 2011 2013 2014 2015 2016
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De novo lipid High Identification of SREBP Regqulation Link between SREBP * Evidence for arole of LOH of
synthesis amounts of as requlator of the of FASN by and mTORC1 FA synthesis in chromosome
observed in unsaturated FASN promoter'®*!%* androgen established®*® cancer progression 8p linked to
neoplastic FAs found in signalling after anti-angiogenic deregulated
tissues? breast cancer (i fem & in prostate ‘Reprogramming of energy therapy'’® lipid
compared FASN by cancer'®® metabolism’ added to the * First clinical trial metabolism
with normal eerlEm T e hallmarks of cancer'® initiated with in breast
breast tumour growth of I compound targeting cancer!?
tissue!*? ovarian cancer Systematic analysis of FA composition FASN (TVB-2640)"*"
xenografts!''® in human breast cancer®

Figure 1 | Fatty acid synthesis in cancer. Major events demonstrating the importance of fatty acid (FA) synthesis in
cancer cells. ACLY, ATP-citrate lyase; ER, endoplasmic reticulum; FASN, fatty acid synthase; LOH, loss of heterozygosity;
mTORC1, mTOR complex 1; SREBP, sterol requlatory element binding protein.

Réhrig F and Schultze A, Nature Reviews Cancer 2016




Drahy regulace lipidového metabolismu raznymi signaly
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Lipid metabolism
(uptake, transport, synthesis and degradation)

Huang F and Freter C, Int J Mol Sci 2015



Metabolismus sfingolipidt
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Figure 2. Sphingolipid metabolism. Ceramide is a key intermediator in sphingolipid
metabolism. The enzymes involved in sphingolipid metabolism are ceramidase (Case),
ceramide kinase (CK), ceramide-1-phophosphate phosphatase (CPP), ceramide synthase (CS),
dihydroceramide desaturase (DD), galactosylceramide synthase (GalCS), galactocer (GalC),
glucosylceramide synthase (GCS), glucosylceramidase (Gease), sphingomyelinase (Smase),
and sphingomyelin synthase (SMS). Many of these products play an important role in cell
signaling which regulates a variety of cellular functions. SMS converts phosphatidylcholine

(PC) and ceramide to sphingomyelin and diacylglycerol which brings two major classes Huang F and Freter C, Int J Mol Sci 2015
of lipids in cell metabolism and signaling.



Uloha lipidti v nadorovém mikroprostiedi

Normal epithelium
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Fig. 2. The roles of lipids in the tumour microenvironment. Lipids play important roles during tumour initiation and disease progression. Activation of
HMGCR drives cell transformation (stage 1). Activation of SREBP and induction of enzymes of the mevalonate pathway are involved in the disruption of normal
tissue architecture, and release of FAs by MAGL can promote cancer cell migration (stage 2). Lipids are also involved in the interaction of cancer cells with
components of the tumour stroma. For example, cancer-associated fibroblasts (CAFs) show increased expression of FASN. Signalling lipids, including PGE,,
regulate the recruitment of cancer-promoting M2 macrophages, which can promote cancer cell migration and invasion (stage 3). LPA and S1P regulate the
cytotoxic function of natural killer (NK) cells. PGE; can also act as a pro-angiogenic factor by promoting the outgrowth (sprouting) of vascular and lymphatic
endothelial cells, and the dissemination of tumour cells into distant tissues during metastasis formation (stage 4). Adipocytes can induce the homing of
metastatic cancer cells by releasing cytokines (stage 5). The metabolic coupling between adipocytes and cancer cells involves the release of FAs by adipocytes,
which are then used for energy production by cancer cells (stage 6).

Baenke F et al, Disease Models&Mechanisms 2013




Schema vymeény lipidii mezi nadorovymi buikami a rdznymi
typy bunék v nadorovém mikroprostredi
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Figure 3. Tumor-stroma bidirectional dialog. Schematic representation of lipid exchanges between cancer cells and the different cell types
found in the TME. In adipocytes adjacent to cancer cells, the hydrolysis of TG, stored in LDs, releases free fatty acids (FFAs) which are taken up
by cancer cells, transported through fatty acid binding protein 4 (FABP4) and degraded to provide ATP needed for their growth. Bioactive
lipids secreted by cancer cells, PGE2 and S1P, exert their effects on stromal cells through paracrine mechanisms. The PGE2, transported or not
by exosomes, promotes angiogenesis and also immunosuppression. The latter effect results from an activation of myeloid-derived suppressor
cells and differentiation of monocytes into suppressor macrophages. Moreover, tumor-derived PGE2 induces kynurenine secretion by CAFs
which in turn promote cancer cell invasiveness. S1P, by its binding on its specific receptor, promotes cancer cell proliferation and
angiogenesis/lymphangiogenesis in an autocrine and paracrine manner, respectively. Taken together, FFA and free bioactive lipids contribute
toward promoting tumor growth. Exosomes in TME contain high lipid levels within the membrane and lumen, and therefore constitute
extracellular lipid sources which can be internalized by cancer cells and are responsible for the increased cell lipid concentration which
triggers an ERS-induced cell death.

endothelial cell

Bjeloribi-Djefaflia S, Oncogenesis 2016



Béhem karcinogeneze se vyviji tzv. lipogenni charakter bunék

Zvysena endogenni syntéza mastnych kyselin a snizena citlivost k nutricnim
zasahum FASN - fatty acid synthase (syntaza mastnych kyselin) pod transkrip&ni
kontrolou SREBP1c (sterol regulatory element-binding protein)

Cross-talk

Ubiquitylation

Proteasome

® e
= =S & -\
& = Nucleus \\
N

, SREBPIC \

Figure 2 | Two main pathways to r late the expression of iated FASN. a | On the surface of tumour
cells, growth factor (GF)-dependent or independent autophosphorylation of receptor tyrosine kinases (RTKs) such as
the GF receptors (GFRs) epidermal growth factor receptor (EGFR, also known as ERBB1) and ERBB2 (also known as
HER2) leads to downstream activation of phosphatidylinositol-3 kinase (PI3K)}-Akt and extracellular signal-regulated
kinases (ERK1 and ERK2) signal transduction cascades. Steroid hormones (SH) including oestradiol (E,), progestins (P)
and androgens (A) bound to their corresponding SH receptors (SHRs; ER, PR and AR, respectively) can also trigger
identical transduction mechanisms. These ultimately stimulate fatty acid synthase (FASN) expression through the
maodulation of the expression and/or nuclear maturation of the transcription factor sterol regulatory element-binding
protein 1c (SREBP1c). which binds to and activates sterol regulatory elements in the premoter region of FASN (see

FIG. 3). Cross-talk between GFs—GFRs and SHs—SHRs converging on PI3K-Akt and mitogen-activated ERK kinase (MEK)}-
ERK cascades amplify the responses of FASN expression in hormone-responsive cancer cells. b | Tumour-associated
FASN overexpression can also be achieved at the post-translational level through interaction with USP2a, a pre-

proteasomal ubiquitin-specific protease that, by removing ubiquitin from FASN, strongly stabilizes the enzyme. It Menendez JA and Lupu R Nature Re 4 2007/ 7;763

should be noted that these two pathways regulating FASN might concurrently take place in tumour cells. PTEN,
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Figure 3 | Modulation of SREBP1c: a common partner for FASN regulation in normal and tumour cells. The
pathways that regulate fatty acid synthase (FASN) expression in normal and tumour cells share identical
downstream elements including sterol regulatory element binding protein-1c (SREBP1c). In hormone-sensitive
tissues (such as fetal lung, cycling endometrium and normal breast) and lipogenic tissues (such as hepatic and
adipose tissues), FASN expression is regulated by hormones, carbohydrates, fatty acids (FAs) and fasting. This
hormonal and nutritional regulation converges, at least in part, on phosphatidylinositol-3 kinase (PI13K)-Akt and
extracellular signal-requlated kinases (ERK1 and ERK2) signal transduction cascades that modify either the
expression and/or the maturation of SREBP1c. In tumour cells, SREBP1c expression and/or maturation will be
constitutively driven by the aberrant hyperactivation of these pathways in respense to a variety of oncogenic
changes including overproduction of growth factors (GFs), ligand-dependent or independent hyperactivation of
GF receptors (GFRs), and/or gain or loss of function of components of the signalling cascade such as loss of
phosphatase and tensin homologue (PTEN) function. The inactive SREBP1c precursor (pSREBP1c) is anchored in
the membrane of the endoplasmic reticulum (ER). The release of active SREBP1c requires SREBP cleavage-
activating protein (SCAP), which forms a complex with pSREBP1c. When cellular demand for endogenous FAs
rises, the pSREBP1c-SCAP complex exits the ER and travels to the Golgi apparatus to encounter active site-1
protease (S1P), which cleaves pSREBP1c into two halves that remain bound in the membrane. Site-2 protease
(S2P) then cleaves the N-terminal half of pSREBP1c, releasing the cytoplasmic portion (SREBP1c) so it can travel
to the nucleus and transcribe FASN. Cross-talk between GFs, GFRs, steroid hormones (SHs) and SH receptors
(SHRs) converging on SREBP1c ensures robust responses to FASN expression in tumour cells. A, androgens;

AR, androgen receptor; £, oestradiol; ER, oestrogen receptor; F, progestins; PR, progesterone receptor;

PRO, prolactin; PROR, prolactin receptor.

Menendez JA and Lupu R Nature Rev 2007, 7:762



Ovlivnéni exprese a aktivity FASN
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Zvyseni exprese a aktivity FASN béhem bunécné transformace, spojitost s
plsobenim a signalnimi drahami epidermalniho rlstového faktoru -EGF
Zvysena exprese a aktivace receptoru Her-2/neu a aktivace PI3K/Akt a MAPK
signalnich drah u nadorl prsu.

Menendez JA et al Drug News Pespect 18, 200>



Zmeény lipidu v rozvoji nadoru

Prokazany zmény ve slozeni a metabolismu lipidt!!!

« v plazmé nadorovych pacientd
« v nadorové tkani a bunkach ve srovnani s nenadorovymi

Zejména snizeni obsahu n-3 VNMK (DHA) ve srovnani s n-6 (kys. linolova a
arachidonova)

Integrovany pohled na komplexni lipidové interakce, které urcuji vysledny
tzv. LIPIDOM - lipidovy profil jednotlivce.

S protekci urcitych typt nadord (napf. prsu) spojen slozeny indikator
kombinujici zvySené mononenasycené MK a nizky pomér omega6/omega3s.
Tento lipidom by se mohl stat templatem pro detekci rizika nadord prsu

ve vztahu k dieté.



Patologické zmény v produkci a funkci cytokinti a eikosanoidu

prispivaji k rozvoji nadorovych onemocnéni
zejména ovlivnénim imunitniho systému a bunécné kinetiky

Metabolismus a obrat fosfolipidl v membranach
i oxidativni metabolismus nadorovych bunék se zasadné lisi od bunéek
nenadorovych.

Nadorové bunky casto vykazuji:

« zmeény ve spektru a koncentraci VNMK ve srovnani s normalni tkani

« zvysenou periferni utilizaci VNMK z potravy

« zmény v oxidativnim metabolismu a antioxidacni ochranézvysenou aktivitu
enzymU metabolismu kys. arachidonové (COX2, 12-LPO...) a produkci eikosanoid(l
« snizenou citlivost k endogennim inhibitor@im rdstu (TGF-B1), induktor@im
apoptdzy (TNFo, FasL, TRAIL) a diferenciace (butyrat)



Analyza hlavnich komponent (PCA) mastnych kyselin
v tukové tkani ukazujici zvysené riziko nadoru prsu

14:0
(o]

1509 160 50

C-18: 1007
0 oC-18:1w9

O 20:503

46107 22308 22:4006

22:603 :
o o oo gQ 2040
— 20:306
17:0 o
i3 t18:109
180 o

-1.0 &+ n=329
1 f f f
-1.0 -0.5 ‘b.o 0.5 1.0

Figure 3. Principal component analysis of adipose tissue fatty acids. In the scatter plot of the second principal component against the first
principal component (in which the X axis represents the first principal component and the ¥ axis represents the second principal component), the
coordinates of each fatty acid equals the coefficients of correlation between the fatty acid and the principal components. The unity correlation
circle drawn defines the limits in which the fatty acids locate: the closer a fatty acid to this unity circle, the higher its contribution to the
definition of the principal components. The w6/w3 ratio is located as illustrative variables—i.e., it does not contribute to the definition of the
principal components, but it is positioned in the scatter plot according to its correlation with the two principal components. Red arrow, increased
risk of breast cancer, taking into account the OR associated with both the X and Y axis, adjusted for BMI, age, menopausal status, and height.

High risk of breast cancer

O Saturates
© Monounsaturates
© Omega-6
© Omega-3

Bougnoux P, et al, Cancer Epidemiol Biomarkers Prev 15, 2006

The position of this arrow is almost superposed on the ¥ axis because the OR associated with the first component is close to 1, whereas the OR
associated with the second principal component is 1.28 (95% CI, 1.11-1.49; P = 0.001).



Analyza (array) hladiny mastnych kyselin u benignich a
malignich nadort prsu
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Figure 4. Fatty acid level array in patients with benign (controls) or malignant (cases) breast tumors. Each lane represents a patient, sorted
according to its position on the second principal component as shown in Fig. 3. Each line represents one fatty acid, according to its correlation
with the second principal component. Fatty acid values are represented as different colors for each quartile, from green (low) to red (elevated).
Bottom, the m6/w3 ratio of PUFAs.
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Praktické aspekty
Klinika




PRAKTICKE VYUZITI POZNATKO
O PUSOBENI MASTNYCH KYSELIN

Nejedna se o farmaka, ale soucast stravy, je mozné
pouzit pomérné vysoké davky

VYUZITI :
DIETETICKA DOPORUCENI
Zdravi a prevence chorob
Funkcni potraviny
Potraviny pro zvlastni Iékarské ucely

TERAPEUTICKE VYUZITI - nutrlcm farmakologle
Vyziva ,Sitd na miru® :

Nosice Iék{

Kombinovana terapie
Pomocna (adjuvantni) terapie

Parenteralni a enteralni vyziva
(optimalizace sloZeni lipidovych emulzi)




VNMK a nadorova onemocneéni

Prevence

Epidemiologické studie —
snizena incidence nadorl (kolonu)

v populacich konzumuijicich velké
mnozstvi w-3 VNMK z morské stravy

Experimentalni studie

e »-3 VNMK inhibuiji karcinogeny-
indukovanou karcinogenezi

e redukuiji rdst transplantovanych nadort
u laboratornich zvirat

e snizuji proliferaci a indukuji apoptdzu u
nadorovych bunék kolonu /in vitro.

Klinické studie — EPA a DHA inhibuji
proliferaci epitelidlnich bunék kolonu u
pacientl s adenomy a vysokym rizikem
nadorového onemocnéni

Terapie

Pri chirurgickych zakrocich predoperacni
peroralni nebo pooperacni enteralni Ci
parenteralni dieta s w-3 VNMK zlepsuje
postoperacni zanétlivou a imunitni odpovéd' a
snizuje infekci.

Dieta s w-3 VNMK zlepSuje nadorovou
kachexii a kvalitu Zivota

Kombinace se standartni terapii
(chemoterapie, zareni)

e dieta s w-3 VNMK netoxicky zplsob zvyseni
ucinkd terapie

e samotné pouZiti w-3 VNMK uziteCny pristup,
jestlize je vyloucena toxicka standartni terapie.



VYUZITI N-3 VNMK V PREVENCI A TERAPII

Nadorové onemocnéni prsu, kolonu a rekta, prostaty, slinivky brisni...
e NA ZAKLADE POZNANi{ MECHANISMU PUSOBENI !!!

e Prevence: obohaceni stravy

e Terapie:

» podpora imunity

» protizanétlivé ucinky

» celkové zlepSeni stavu organismu (antikachektické ucinky)

;’pcl)(silenl' ucinkd chemoterapeutik — kombinovana terapie umozaujici snizeni
avky




VYZNAM STRAVY OBOHACENE N-3 VNMK

e kardiovaskularni onemocnéni

e diabetes

e vyvoj plodu a novorozence

e poznavaci funkce a chovani (hyperaktivita, autismus)

e neurodegenerativni a psychicka onemocnéni (Alzheimerova
choroba, deprese, schizofrenie atd.)

e nadorova onemocnéni




Slozeni a vyuziti lipidovych emulzi

Smési prirodnich olejd (sojovy —LCT, kokosovy — MCT), emulgované
fosfolipidy (vajecny lecitin, sojové fosfolipidy), izotonizacni prisada
(glycerol)

Tukové Castice podobné chilomikronim

Parenteralni vyziva — emulze soucast tzv. ,all-in-one" vakd
Funkce = zdroj energie a esencialnich MK

Enteralni a oralni vyziva
Na zakladé novych poznatkd o regulacni Gloze lipidG vyuziti jako farmaka

Nutricni farmakologie
Vyziva cilend na urcité onemocnéni — ,,Disease-specific nutrition"



Vyznam slozeni tukl v parenteralni vyzivé pacientl

LCT - “long chain” triglyceridy - z rostlinnych olejt s vysokym
obsahem VNMK (dUlezity pomér n-3 : n-6) - regulacni funkce, mohou
zysovat nebo snizovat napr. produkci TNFa (kachektin) - prozamétlivy
cytokin spojeny s kachexii

MCT - "medium chain” triglyceridy - nasycené MK (6-12 uhlikd) -
zdroj energie, plsobi proti supresi imunitnich a fagocytarnich funkci u
silné stresovanych pacientd.

Slozeni lipidovych vyziv ovliviiuje spektrum lipid{ v plasmé i Y
bunécnych membranach, pricemz metabolismus a obrat fosfolipidd v
membranach transformovanych-nadorovych bunék se zasadné lisi od
bunék netransformovanych-nenadorovych.



Zmény ve slozeni fosfolipidd membran méni jeji vlastnosti
(fluiditu, produkci volnych reaktivnich radikalt a biologicky
aktivnich metabolitd - eikosanoid(l), coz se dale odrazi

ve schopnosti prijmu a prenosu signalt dilezitych regulacnich
molekul s naslednymi Uc¢inky na dilezité biologické procesy jako
jsou bunécny rist, diferenciace a apoptdza a dale funkce bunék
imunitniho systému

VNMK a jejich metabolity mohou byt dllezitymi regulatory genové
exprese. Predpoklada se, ze tyto latky jsou schopny ovlivhovat
aktivitu transkripcnich faktorl, které se pak vazi na klicové
elementy spojené se specifickymi geny.

Zmény membran a rlstovych vlastnosti nadorovych bunék
po plsobeni VNMK mohou modulovat jejich citlivost k rliznym
terapeutickym zasahtm.

Inhibitory metabolismu AA, tj. produkce eikosanoidd, k nimz
patfi i fada bézné v klinice vyuzivanych NSAID, mohou vyznamnym
zplsobem modulovat zminéné procesy.




VSe, co chcete védét o lipidech
http://www.cyberlipid.org/
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Kontrolni otazky k tématu

1 Jaké hlavni slozky se podileji na vzniku a rozvoji nadorovych onemocnéni?

) Jaké faktory vnéjSiho prostfedi se podstatné podileji na vzniku a rozvoji nadorovych onemocnéni?
1 Co rozumite pod pojmem biologicky aktivni sloZzky vyzivy - pfiklady?

1 Jak se vyvijelo sloZeni potravy zejména s ohledem na tuky v pribéhu vyvoje lidské spole¢nosti?

1 Jaka je ruzna biologicka uloha lipidi? Které déje na bunécéné urovni mohou ovliviiovat?

] Které typy lipidU jsou vyznamné s ohledem na nadorova onemocnéni?

1 Jak mUze obezita ovlivnit funkce tukové tkané?

) Pro€ jsou nékteré nenasycené MK esencialni, vyjmenujte zakladni typy.

1 Které dulezité faktory ovliviuji zdravi stfevnich bunék a jaké zmény mohou pfispivat k rozvoji nadort ?
1 Pro¢ je dulezita dostateCna konzumace vlakniny ve stravé?

] Které jsou hlavni mechanizmy pusobeni VNMK na buné&éné a molekularni trovni?

[ Jak se dostavaji VNMK do bunék?

[ Kde v bunkach nachazime VNMK jak jsou vyuzivany?

1 Jakym zpusobem mohou VNMK ovliviiovat vlastnosti biomembran?

[ Jaky vyznam maji lipidové membranové mikrodomény - rafty?

) Jaké je jejich sloZzeni a ¢im je ovliviiovano?

) Co jsou to lipidové droplety a jaky je jejich vyznam pro fyziologii buniky?

1 Jaka je funkce fosfolipaz A2 a jakym zplUsobem funguji v patologii zanétu a nadori?

[ Jaké metabolity vznikaji z jednotlivych typll VNMK? Srovnejte plisobeni metabolitl vznikajicich z n-6
vs. n-3 VNMK vzhledem k rozvoji nadorového onemocnéni.

) Popiste uvolnovani a metabolismus kyseliny arachidonové v burikach.

[ Které metabolity AA a jakym zpusobem se uplatiuji v rozvoji nadora?

[ Jaky je vyznam interakce specifickych cytokind a eikosanoidl v rozvoji nadora?

[ Jakym zpusobem mohou prostfednictvim cytokinl a eikosanoidl interagovat buriky v nadorovém
mikroprostredi?

[ Které latky nazyvame nesteroidni antiflogistika a k €emu jsou vyuzivany?

) Jaké jsou hlavni znamé mechanizmy pUsobeni n-3 VNMK na buné&né a molekularni trovni?

[ Ktera VNMK je zvlasté vyznamna z hlediska funkce mitochondrii a pro¢?

[ Jakym zpusobem ovliviuji n-3 VNMK metabolizmus kyseliny arachidonové?




1 Jaké transkrip&ni faktory jsou dulezité v souvislosti s pisobenim VNMK a pro¢?

(1 Jaké zmény v lipidech a jejich metabolizmu byly pozorovany u nadorovych bunék ve srovnani s normalnimi
burikami?

1 Jaké aspekty vyvoje nadort mohou byt podporovany lipidy?

[1 Co rozumis$ pod pojmem lipidom a lipidomika?

1 Co znamena lipogenni charakter nadorovych bunék a které molekuly jsou s touto vlastnosti spojeny?

1 Jak je regulovana exprese syntazy MK (FASN)?

1 K éemu nadorové bunky potfebuji zvySenou syntézu lipida?

1 Co znamena nutri¢ni farmakologie?

1 Jak jsou poznatky o VNMK vyuZzivany v klinice?

1 Které slozky s ohledem na lipidy by dle vaSeho nazoru méla obsahovat vyziva onkologickych pacient(?

1 Jak byste koncipovali studii (napf. na hlodavcich) na dikaz pozitivniho ¢i negativniho plsobeni urcitého typu
lipidd na vznik a rozvoj nadoru?




